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PREFACE TO THE FIRST EDITION. 


At the sight of a new publication, one is inclined 
to excliiiiii “ There is no end of making books ; is 
there anything whereof it may be said, this is new ?'* 
But one ought to see, that though the Science 
Primers are interesting and valuable, the University 
papers that arc set year after year require that the 
knowledge to answer them is not new but is of 
varied and varying applications. 

The following pages were originally prepared for 
my class and were not meant to be placed in the 
hands of students in general. The simple language 
in which the notes are written, the arrangement that 
i.s ho|H'«l to Ihj helpful to master the Primer, the con- 
cise and at the same time the full treatment that the 
subject has received, the numerous exercises which 
include all the University questions arranged under 
the different chapters, — that these will help the 
candidates preparing for the Matriculation examina- 
tion, is the only apology for sending the notes to 
the press. 


Tisnkvklly. ) 
Apra 7898. 1 


J. A. 



PREFACE TO THE FOURTH EDITION. 

In the present edition, a few diagrams are added 
and some of the Hections ju*e re-iuTimged and re- 
written with a view to make the book suitable to the 
Fourth Form alwj. Chapters 1—IV, VI— VllI may 
Ikj taught with advantage in this Form. Tlic last 
bix papers set for tlie Matriculation examination are 
given together separately to give an idea to the 
candidates preparing for that examination as to the 
kind of knowledge that is required of them. 

Any corrections or suggestions for improvement 
will l>e thankfully, received. 

J, A. 


Palamcottah, ) 
Decembtr 24th, 190 l\ 
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CHEMISTRY. 


CHAPTllR I. 

Elemknth. 

1. Definition of ChemUtry. — We know ihalaUirgo 
tiuml>er of changeH is taking nlae<» arouiul ub. ThcBo 
changea are gaid to hv either physical or chemical, and 
form the gubject-inatter of PhysicH and Chemistry. 

If a piece of iron is heated till it iH'ComeH reddud, it 
is still iron. Hot iron has the saine ct>tnt>osition and 
weight as cold iron. The change that the iron has 
undergone has not altered its coniposition or its weight 
but only its state as regards heat. Cold iron bocoruing 
hot is an example of physical change, Hence a Physical 
chanipe iw a chtuttfc in ike ftale of a btfdy hut not iu itn 
comfHwition. hi tlie same way, when a liody moves, when 
a IxsH is giving a sound, when water becomes steam, when 
ice iiieltg, or when a lump of sugar dissolves in water, we 
have examples of physical change. *Vh« ncivnee which 
ireate of the rhungeg/hat takf place in the $tatv tf Itmlicg and 
of the forces which prodticv them is known as Physica. 

If iron is exposed to moist air, it takes up soinething 
from the air and becomes covered with a reddish brow ri 
substance called ru*t. Rust is not iron, but a new sub* 
stance of a different composition as well as of a different 
colour, weight and hardness. The formation of rust is an 
example of chemical change. Hence a Chemical ebangre 
if a change in the comp(mlian of substances, resulting in the 
formation of new substances having new properties* In the 
same way, when fresh milk b^x>mes sour, when gun* 
powder is ignited, when lime-stone is heated, or when a 
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candle burns, wc have examples of chemical change. 
The eeifftce which treat* of the changes that take place in the 
compasitirm of bodies and of the consefjueut changes in their 
pntperties is Known as Chemistry. 

2. Gtements and Compounds. — The various sub- 
stances in this world are niadc^ up 
of one substance or more than one. 

aSwperiment I,— H«ai some red pow* 
d«rr called mercuric oxide in a hard 
lube. It bccomcM dark, and afWr home 
ittiio a colouricHM guh cncapen ; v hile a 
bright shining him is deposited on the 
upper and (Mxiler parts of the glass 
Inatde. If this film is Hcm|H*d, the 
particles will run together and form 
globules of mercury. The eolourh'ss gas 
U oxygen. For a red -hoi splinter of wood at once bursts into 
flame, when introduccnl into the gas. 

Wc conclude therefore that the rtnl jK)W'der is made up 
of two suhstances, mercury and oxygen. This powder 
from which two diflferent kinds of matter have been 
obtained is called a Ct^tpound. Now*, chemists have not 
been able by any proc» «*s yet known to get out of mer- 
cury and oxygen any substance different from them. 
Mercury and oxygen arc therefore called Klemeftis. 

KapU 2. — Heat some yellow sulphur and red copjier turnings 
iogetfier in a flask. The sulphur melts and combines with the 
copper, forming a black substance called copper sulphide. 

We know therefore that the black substance is made 
up of two sobstanoos, copper and sulphur. This sub- 
•lanee resulting from the union of two different kinds of 
mailer is also called a Compomnd. But chemists have 
never succeeded in producing sulphur or copper by the 
eombination of other substances. Hence aulphur and 
copper also are called 
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An etemmt is, there(ore» a suhstants omi cf which 
nothing different from itself can be got ; in other words, 
it is a substance which cannot be split up into two or more 
diferent kinds of matter. 

A compound is a substance out of which two or more 
different kinds of matter can be got, or which results from 
the union of two or more different kinds of matter. 

There are over 72 elements known at present ; new 
ones are being discovered from time to time. All other 
substances arc either compounds, or mixtures of eiements 
and ootXkix>und8. For the sake of convenience, the ele* 
rnents are divided into metals and non-metals. The follow- 
ing table mves the names of the most important non-metals 
and metMS with their symbols and atomic weights : 


Non-Metals. 


Names. 

Symbols. 

Atomic weights. 

Hydrogen 

H. 

1 

Oxygon 

O. 

16 

Nitrogen 

N. 

14 

Chlorine 

Cl. 

305 

Fluorine 

F. 

19 

Bromine 

Ur. 

78 

Carbon , 

C. 

12 

Sulphur 

s. 

32 

Phosphorus 

p. 

31 

Silicon 

Si. 

28 

Metals. 


Iron ^Ferrum ) 

Fe. 

56 

Aluminium 

Al. 

27 

Calcium 

Ca. 

40 

Magnesium 

Mg. ... 

24 

Sodium (Natrium) ... 

Na. 

23 

Potaasium (Kalium). 

K. 

39 

Copper (Gupntm) 

On. 

63 
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Karnes. 

Symbols 

Atomic weights. 

Zinc 

Zn. 

65 

Tin (Btannura) 

Hn. 

118 

I.fOad (Plumbum) ... 

Pb. 

207 

Mercury (Hydrargyrum) Hg. 

200 

Silver (Argentum).. 

Ag- 

108 

Gold (Auniin) 

Au. 

197 

IMatinum 

Pt. 

. . 195 

liarium 

Ka. 

137 

MaiiganoHO 

Mil. 

56 

Chrfimiuni 

Cr. 

62 

Antimony (Htibium) 

8b. 

120 


3. Solution* — Some solid substances* when placed 
in a liquid, become li(|uid themselves. Their particles pet 
BO minutely divided and so thoroughly difTused ii\to the 
poicH of the liquid that they are altogether invisible even 
under the micruseo[ie ; there is no part of the liquid in 
which the Hidmtunet* is not present. The solid is said to 
difiisolre and the liquid is then called a Solution. 

I'xpt. H. — Tut sonio sugar in water and Ktir the li<)uid well. 
The HUgiir dituippearn and every drop ih found to have the tiiste 
of HUgtu*. Th(' Htigiir is then said to lx* in a stale of solution* 

4 . There Is no loss of weight by solution. 

hVpf. 4. — Take one pound of water and one ounce of coni- 
tnon Halt. Mix the two HubnlaneeH in a glass vessel and stir 
till the whole of the salt is dissolved. Now weigh the mix- 
ture. It will be foiintl that there is no los» in weight, the 
aoluiton weighing 1 lb. 1 oe. 

5. Conditions favourable for the solution of 
solids. 

(1) JurreoAfl of temperalurt . — A liquid at a higher iem- 
peratture can dissolve more of a solid than the same 
liquid at a lower Uunperature. 

KmpL 6.~>Pt««olve oonsmon tall in Bome cold water, 
sHni^ and adding salt till some quantity of it remains undis- 
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solved* 1! the water be now heated, the undiHeolved portion 
will begin to dietolvo, and may completely dUBolve if the 
heating in continued. 

^2) The divided state of the solid. — A liquid disaolvcB a 
solid more readily when it is in a state of powder than 
when it is in the form of large pieces. 

Ejtpt. 0. — Take a pound of alum in large piocen and 
another pound in tine powder and place them in two vchhcU 
containing equal quantities of water at tlie aaine temperature. 
It will be found that the powder disBoIvcs more rapidly^ though 
the total quantity that is ultimately dissolved will be the auinc 
in both cases. 

0. Saturation. -When a given quantity of a licjuid 
has dissolved as much of a substance as it can at a given 
temperature, the solution is said to he Saturafvd. 

Kxpi. 7.*-Takc some alum in tine powder and add little hv 
little to cold water, stirring the liquid wcdl. The alum will 
dissolve in the water. Continue this till it ct^aseH to disappoar, 
and when tlli^ is the case, the mixture is termed a saturated 
solution of alum in water, 

7. To obtain a solid from iU solution. 

E^pi 8. — Pour into a China dish a Uttle of the solution of 
nitre in water, and ap|»ly heat. After 
a time, the whole of the w'ater will ho 
driven off in the fonn*uf vapour, and a 
small cpiantity of nitre will be left in 
the dish. 

The solubility of different 
solids varies. — Borne solids do not 
at all dissolve in water ; as, sand, 
chalk ; some dissolve very slightly, 
as quick-lime, gypsum : others dis- 
solve in considerable quantities, as 
nitre, common salt, sugar. Again, 
a solid which does not dissolve 
in one liquid may dissolve in another. Thus, phosphorus 
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ftad sulphur dissolve readily in carboii>disulphide. 
eamphor in alcohol and sand in hydrofluoric acid, though 
not one of these dissolves in water. 

9. To find whether a solid dissolves in a liquid. 

Kitpi. 9. — Take a small quantity of the substance in the 
state of fine powder. Put it into a tcNt tube containing the 
liquid. Htir it well. If it disappearK altogether, the suhstancc 
has dimiolved in it. If not. apply Iniit. Should there be any 
iwwder still, filtiir the liquid and then eva|»orate the clear 
filtrate in a dish. If the «olid haK dinHolved in the liquid, a 
residue will he left. 

1(1. Uses of solution. — ( 1 ) Solntinn (liih chemical 
ehangt. 

K*pi‘ 10, “ If we mix some dry sulphate of ir<»n with a little 
dry potasHiuin ferro cyanide. no < hange w ill Ix' noticed. Hut 
if we make a solution of each siihstivnce Heparately and mix 
the solutions together, eheinieaJ action cnsneK, and a new 
substance of a peculiar blue colour is formed. 

(2) TAe inmluhlr ingredient* nf a mirtnre can he cepar^ 
ated frt*m the eoluble tmc*. Suppose* wo have a mixture 
of sand an«l sugar. The insoluble sand can be separated 
by stirring the mixture with watir and after some time 
pouring od the sol u tied . 

11. Solution of Oases.— IJke *6olids, gases differ 
from one another in solubility. Some gases dissolve 
freely in water, as hydrochloric acid and ammonia, 
others only sparingly, as carbonic add gas and common 
air. The solution of ammonia in water is sold under 
the name of Li^or and that of Hydrochloric 

acid is told as MMnaiie aeid. Soda-waier is simply water 
oonUioin^ carbonic acid in solution. Common air 
duMhres tn wiler, mving to tl its pleasant and fresh taste 
and serving for the breathing of fiwes. 

A gas dissdves more readily in a Uquid when it is oold 
lliaa when warm. So gases held in soielion by eoM 
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water may always be driven off by beat. Thus, il you 
warm some water in a flask, you can see bubbles of gas 
escape. If liquor ammonia be boiled, the whole of the 
gas is driven off. Again, increase of pressure helps the 
solution of a gas. When the pressure is lessened, the 
dissolved gases fly off. Thus, when a bottle of Boda* 
water is opened, the gas hubbies out rapidly, giving to 
the liquid a l>oiling appearance. 

12. Solution of liquids in liquids. — Some liquids 
are 8olal)Ie and some are insoluble in one another. For 
instance, Methylated spirit and sulphuric acid are soluble 
in water, while oil and mercury do not at all dissolve 
in it. 

13. Precipitation. —^V hen one clear solution is 
added to another clear solution, an insoluble compound 
sometimes forms and separates from the liquid, shewing 
minute particles in Bus{>ension, or giving the liquid a 
cloudy appearance, or forming clots at the liottom. This 
insoluble substance is called a prer//n7u/e iuid the process, 
frrecxjtiiation, 

Krpt. 11.— Make a solution of coiiiuion Halt in water and 
add to it a Kolution pi silver nitrate ; a white precipitate is 
fonned <luc to the formation of an iiiKuluble substance named 
silver chloride. 

14. Impurities In a liquid. — There are two kinds of 
impurities which a liquid may contain : — impurities in 
suspension or suspended impurities, and impurities in 
solution or dissolved impurities. When a liquid holds 
particles whkh it cannot dissolve, it is said to contain 
suspended Impurities, for example muddy water. 
When a liquid holds substances in solution, it is said to 
have dissolved impurities, for example, sea*water. 

15. Sefinratlon of impurities. — (1) Suspended im* 
purities are rmoved by filtratton. 
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Filtration in the proceBs of ptirifying a liquid from «•#- 
jfiendtni impuritie$ hy paHHing 
U through HOfiio porouB 8ui>- 
Btanoe — Buch iib charcoal, 
fi))ongo, or blotting pa]"Kjr>- 
which allowri only iho liquid 
to piiBB through hut not th<? 
euHptuicled Bolid particU-H. 

(Fig. 8.) The appurulUH em- 
ployed in filtration in rulied a 
filter. 

Morn commonly, iho su^i- 
|)onded impuritioH art* leinov- 
<h 1 by tivaintatittn^ that is. hy 
allowing tho li«|uiil to stand Fig. 3. 

and thuH otiuhling llu* parti- 

cion to Botllo down and then pouring olT the clear liquid. 

(2) 1 Unsolved impurities arc removed hy distillation. 

DistUlatlon in the prm^osH of purifying a li<pud from 
diii$olvt:d impurttuA hy l>i>iling U and collecting and 




Fig. 4 . 

oondeiiAing the rapour, (Fig. 4.) This prooees is much 
used on bokrd ships for getttug drinkable water from sea* 
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water. Dutiiled water is pure water without any im* 
purity whatever. 

The voABcl in which the liquid is boiled is called a reiortt and 
consists of a flask-shaped vessel to which u long neck is 
attached. 

16. DUaolvadi impurities cannot Im» removod by 
filtration. 

EmjpL 12.— Add a few drops of indigo solution to water, 
and niter this through a p iper flltor. The colour will not be 
got rid of, since the indigo is dissolved in the water. 

17. Crystallizatiofi is the prooesa by which a suh- 
stanee separates from its solutioti in the form of soHcIh 
having regular geometrical shapes. 

A crystal is a solid of somo gcjo metrical shape, that in 
formed when a Haturatiul Holutioii of a Kuhstanco is ciK)led 
or evaporated. 

Methods of making crystals. — (a) iUmling a hot 
saturated salution, 

Kxpl» 13. — Make a strong Kolutioti of alum in hot water 
and aliow it to cool undinturhed A portion of the almn will 
separate out in the h.riu of crvntalH. 

If the solution is cooled rapidly and with agitation, the 
crystals will l>e very small ; if slowly and without dis- 
turbance, they will be large and well-defined. 

(h) Evaporating a mdution. — Common salt is manu- 
factured from sea* water by evaporation. 

Kxpl. 14.-— Dissolve some nitre in water and expose the 
solution to the air in a China-dish. The liquid will evaporate 
and white crystals of nitre will be formed. 

(c) Fnsimi . — In some cases, crystals are obtained by 
melting the substance and allowing it to solidify, for 
example, sulphur, bismuth and lead. 

J?epl. 16.— Melt some sulphur in a clay crucible, and allow 
it to cool until a crust forms at the surface. Make a hole 
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tkroQgh the Mroni and pour out the liquid poiiion* Needle* 
iihaped cryutalu of sulphur will be found beneath the crust. 

UiM« — (i) Different suhstances have different orys* 
talline forms. Thus, common salt and fluor-spar orys- 



Form of a (’ry«»tal of Alum T'orm of a 

Fig. ft. Crystal of Copper Sulphate. 

talli/.e in cu1h‘«, nitre and zinc Hulphate in prisms, 
washiftff«H(xla, alum in octaheilral and calc-spar in hexa- 
gonal forms. This dilTerence in form helps us to dis- 
tinguish substances from one another. (Fig. 5.) 

(2) The process can Iw used to separate the ingredi- 
ents of certain mixtures. Tints, if Ve have alum and 
blue stone mixed, we can sefmmte them hy dissolving 
the mixture in hot waU^r and allowing the solution to 
cool ; when, white crystals of alum and blue crystals of 
blue Slone appear septate. 

Note I* — Many Mdu, when they crytUltise out of their oohilUm, 
oomhine wiili a fixad qoanl^ of water which it necesiary to keep 
up the form they sa tame Tbit weter it called nxiftr vf cr^MtmUiau- 
lioa. 

Note a.— Certain mifaetancoe when exnoeed to the air, part with 
Ihalr water of crretalHsalkm and crumMe down to powder, kehig 
UmSs ceyelaUliie form, eoloiir, 4to, TheM are ealled J^ereweat eslte^ 
Oif^OrM vilrioL 
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Noie MibsUiiceA rtftdily tkhwtb moUiure iron) Air Mid 

become liquidiu They are called d^liquttcint §.g., PoUMtium 
carbonate, cakium cMoride. 

16 . Difference between a cMmIcal compouml and 
a mechanical mixture. 

(i) In a chemical compound y the eoneiihtenta e:ti$t m fisted 
proportionn hy weight ; hut in a nitV^nre, they may be in any 
proportion. For example, if we analyae any quantity 
of water, we always find that for every one part hy 
weight of hydrogen, there are eight parts hy weight of 
oxygen. But a mixture of sugar, coflfee, and milk may 
be made in any proportion we please. 

(ii) The properties of a chemical compound are entirely 
different from those of the romhinintj substances ; whereas, 
a mixture partakes of (he properties of its comtituents. 
Thus, copper turnings are red, sulphur is yellow ; while? 
the compound of sulphur aiul copper is black. A solution 
of sugar tastes sweet and that of common salt bitter ; 
whereas, a mixture of the two is lioth sweet and bitter. 

(iii) When a chemical compound is produced, heat is 
evolved during the process, hut 
when a mechanical mixture is 
made, no heat is given off. 

Ksepi. 16.— Pour •soine cold 
water on a lump of quicklime. 

Both the lime and the water 
get hot, and a fine, dry, white 
powder called slaked lime ia 
formed. 

Smpt. 17. — Heat some flour 
of siuphor and copper turnings 
in a flaak, iUl the sulphur meltr 
and touches the copper. Then pig. g. 

remove the nomca of neat. The 

ndfdinr imitee with the portion of copper in contact with It 
peodndog mneb beet. Thia heat canaes the oopper not in 
oontnet to glow witb a lurid red Hgbi audio meltdown iototbe 
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milphur* and a black tobtiancc called copper sulphide is lefi in 
Ihe flask. 

Note* In ihe cane of combination between gases, there Is gener- 
ally a oonlraotk>n of volume. The resulting ooropound occupies a 
loMs volume than the conKtitueiits together. p*or example, when 
two volumes of hydrogen and one of oxygen are made to unite 
together by an electric spark, only two volumes of steam are 
formed* 

(iv) Th^ comiitumts of a muture are in almoH all cases 
srparafde hy $tmple rnechanicnl means such as sifting, solu^ 
ium, fittralUm and cry stall izat ion. On the other hand, in a 
chemical compound the HHtnstanc**g cannot he separated by any 
simple ordinary means. For instance, if we have a mixture 
of sulphur and iron filings, tho irorj may be separated by 
passing a magnet over tho mixture, but in a chemical 
com pound this is not jKmsible. 

(iunpoudor, uir and HfU'Wat«‘r furni-h good examples of 
niixturvH Tako. for insUvnee. gunjwnvder which is made up of 
ehiircoal, sulphur and nitre. We call it a mechanical mixture 
for the following reasons : — 

PO The constituents are not inix<Ml in fixed proportions by 
weight : for, the various kinds of powder are made in different 
proportions hy weight. Thus, Knglish gun}K>wder contains 75 
parts of nitre, 15 of charcoal and 10 of sulphur ; while French 
gtiii(Knvder. 75 of nitre, 5 of charcoal and 12*5 of sulphur. 

l/») Its pro(>eriies are not quite different from those of its 
conKtiiuents ; thus, it has the colour of charcoal, the smell of 
sulphur and the tasU' of nitre. 

ic) No heat ia produced w hen the constituents are mixed 
together. 

(d) The oonsiltttents can be easily separated by mechanical 
meant. 

Tbit may Vs dons by ibaking up a little ipinpowder with water 
and filtering. The obarooal and sulphur, b«ng insoluble in water, 
are loft bobiud in tho filter-paper, whilst the nitre, having dieedved 
In the water, runs through, and can be obtained from ile eohttlon 
by evaporation. Since enlphur is eolnble in carbon disttl|dUde, 
whilst ehareoal it not, pour on to the remaining mixture a little ol 
this liquid* and ealeh It in a texi'lube ee it nine Ihioogh. Xwt Ihe 
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flame liquid peefl through the mixture two or three times* end then 
ellow it to evaporate slowly away by pouring it into a large watoh* 
glm and letting it stand, when cryetaU of sulphur are left behind. 
The charcoal etiU remains on the hlicr>papcr. 

Qttestiona. 

1 . When is a subnianoe said to undorgo a phynical change, and 
when a chemical change? What kind u( chiuigo is (u) turniug 
Water into steam, (h) the niHting of iron ? 

2. A Htono failing upon iKune giin|x>wder causes it to explode. 
Which U the physical and which ia tho chemical change ? Give 
reason B. 

3. Explain the difference between eIcnientH and compoundN with 
the help of expcrinientH. 

4. How will you test the prvM'iico of oxygen ? 

5. Classify the following Hulmtances into («) elementw, com- 
pounds. or inixturcft; (b) solids, In^uids and gases; — chalk, mer- 
cury, water, air, mHcou, lead, gold, ink, common aalL. s^'u-waU'r, 
nitre, sodium, chartoal, phosphorus, gunpowder, and chlorine. 

0 How do<‘S nitration differ from disiillutioti, and a cryBial 
from a precipitate ? 

7. I>escribo the met lnKls of obtaining cryst als and show how you 
would prepare crystals of sulphur, alum and commoti salt. 

* 8. Explain how drinkabiu water can lx? ohtain<?d from sea- 
water. What takcM place when a solution of silver nitrate in added 
to a solution of coiiiinon salt ? 

Explain how you would separate the constituents of tho 
following mixtures: — Muddy water, «ea-wat<*r, a mixture of alum 
and hluo atone. 

• 10. You are given*a jxiwder consisting of charcoal and saltpetre. 
How would you iieparate the two suhstancot from the mixturu aud 
obtain both in the pure state? 

* 11. Dittinguish between a mechanical mixture and a chemical 
compound. 

12. Doflcribe cxporimentii to prove that heat is felt when chemi- 
cal union takes place. 

13. Given hnely powdered sulphur and finely divided copMr* 
show Um difference between chemical combination and mechanical 
mixtuiw. 

• 14. Qonpowder is made by mixing sulphur, charcoal and 
saltpetre. Is it a chemical compound of those flobfltxtiees, and if 
not a chemical compound, what is it ? Give the xeaflOUfl foe yotar 
answer. 

^ Univerflity questions are marked with an asteiialt* 
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15. Hut* wh*t UkM pUc* when fl) red oxide of mmwy U 
heMi^, (t) w*ier in i>ottrea on quiok-lime, (3) * rod-hoi epUnter of 
wfiod i« inifodueod into oxygen. (4) eulphur end oopper laraingi 
ere hooUnl irq^other. 


chapter II. 

FlME.t 

19. The tHirnlng: of a candle.— When a candle 
hurng, the carbon and the hydrogen of the wax unite 
chemically with the oxygen of the air and produce car- 
bonic acid gan and water ; while some of the carbou 
oHcapes iinburnt as smoke or soot. 

Note«''*‘AU UtM and otU are com pomd of carbon and hydrogen 
and are caHe<i hydro cariiona. 

20. Carbonic acid gas is formed when a candle 
burns. 

Kttpi, Id.— H Momc (dear Uiiic watcr Ik* poured into a l>otUe 
in wniclt a candle ban nut been burnt and be shaken, it re- 
tiiaitiH clear. If ^lOured into a buttle in which a oandle has 
been burnt, the Itme-waWr becomes milky. This milkiticss is 
due to the presence of chalk w hich is made up of lime and 
carlMinic acid gas. 

Liine-vralor is prepared by lotting some fresh lime 
aland in water, shaking it up and 
then drawing off tlio liquid after ir 
gets quite clear again. 

Note* - Car bon Ir' acid gas ^carUui di' 
oxide) is a oompodnd of carbon and oxygen. 

Chalk (oakium carlionatc) is a coiuiH>und 
of oaloium, oarhon and oxygen. Quick -hme 
(calcium oxide^ is a couqHnmd of cah'iuin 
and oxyg^. Water or steam (hydrogen 
I is a compound of hydt^en and 

21. Water Is formod when m 

c audia burns- Fig. 7* 

f Firs is the heat given when bodiee honi or 
dkamically. 
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KmpL 10. — If we hold * oold« dry, brtghi, glaMs iutuUer over 
the flame of a caodle, ihc brishi giaan in at once dimmed, and 
Ulile dropa of water are fonned on theiiiaideof the glaaa. (Fig. 7.) 

When a candle burns, water is given off as atoani 
which in invisible. Steam condenses into water, when it 
comes ill contact with any cold surface. 

20. Carbon is contained in the wax of a candle. 

Mmpi, 20. Preset a sheet of white paper on to the flame of a 
candle so an not to born it. The aheet bc^comes stained with 
a black ring of soot or carl>on. 

Ksfii. 21. — Take a tt*Kt tube with a little water, and hold it 
ill the flame of a candle for some time. I i becomes covered 
with black carlion at the bottom. 

23. Nothing: is lost when a candle burns. 

JCmni. 22. — Take a glass tube with a very narrow' part in the 
iniddie, and the lower end 
closed w'ith a cork in which 
some holes are bored. Into 
one of these holes, stick a 
piece of taper and place in 
the upper part of the tube 
some pieces of caustic soda. 

Weigh the tube with its 
contents. Then take out the 
cork, light the Uw And 
quickly replace it. The out- 
side fur, passing through the 
holes in the cork, will keep 
the candle burning. After 
the has burnt for a 

few minutes, blow it out and 
weigh the tube again. It 
wOl be seen that the tube 
mad its contents are now 
heavier, slthoogh part of the 
candle liae burnt away. 

When the taper burnt. Fig. 8. 

it gave off steam and ear- 




16 


CHGM18TBY. 


[chap. 


bcmic Aoid gM. These were absorbed by the caustic soda. 
Now, the steam and the carbonic acid gas are only por> 
tions of the candle combined with the oxygen of the air. 
Bince oxygen has weight, the corn bination of oxygen with 
the substances of the candle has increased t)ie weight. 
If we could weigh the outside air lK>th before and after 
experiment, it would be found to have lost exactly as 
much weight as the burnt taper gained, tis., the weight 
of the oxygen that has combined with it. 

Thus we leai'n that, though a candle disappears w'hen 
it is burnt, the materials of which it is made are not 
really destroyed or lost, hut they imdergo chernicab 
change, whereby the vinihlc, solid wax ami wick become 
invisilde, gaseous carbonic acid and su^arn. 

Note. — Ciiiiitic mulu (H<»<tium hydneiiti**) is a rompound of Kodiuni, 
hydrogtMi snd o*yg»'i!, 

‘24. Burning or Combustion. — Unmimj r^r rombns- 
tion u ike chrnnral uHt>>n t>t‘ ftro ott**nded with 

great heat and light. When the amount of light and heat 
is fcehlo, the combustion is described as tdotv ; on the 
other hand, whei^ lin y are considerable, the combustion 
is said to 1 h) rapid. 

In ordinary languag , the name combustion is given 
to the rapid oxidation of substances accompanied with 
great heat and light. Thus, when we say that a house 
or a hayrick is burning, it is meant that the materials of 
tho house or the constituents of the hay ai'e merely coni> 
billing with the oxygen of the air, forming now compounds 
and producing heat and light by the ohemica) union. 

Some exanipl«Mi of combustion in which oxygen does not take 
part : (1) when molting sulphur and boated oopj^r are brought 
together, the two unite chemically producing a lurid red light; 
(3) when a pi^ee of phosphorus is brought in contact with some 
lo^e, the Wo oottimne together producing heat and light; (8) 
whan powdered antimony is thrown into a bottle of ehlctine 
gaa, sparks of fire are seen. 
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Note«~ Oxidation ia act of combination of any nuhiitanco 
with oxygon. 

25. Combustible and supporter of combfislion. — 

In all processes of condntstion, it is customary to Hpcak 
one of the substances taking part in the cheiuical change 
as the combustible substance and the other as tlie sup* 
porter of combustion. Usually, that sultstancr) which sur- 
rounds the other is called the supporter of comhustion. 
Thus, when a candle hums in air, the air is snokeu off as 
the supporter of coiiihustioii, while the candle is Uu tned 
the comouBtible. 

A gas is said to lx* cmnbustible when it is capable of 
itself burning, and is said to l)e a snppftrter of combustion 
when it does not itself burn, hut alhovs othcu* bodies to 
burn in it. Thus, hydrogen and carhou tnoti-oxide are 
said to be coinhustihle gases Ix^cause. tliey can burn in air. 
Oxygen and chlorine are s(K>keii of as supporUu's of corn* 
hustion, Ixicauso they allow a candle and other suhstances 
to burn in theiu. 

It should, however, be home in mind that tin? two 
terms comhustihle and supporter of comhustion are, only 
relalivti and do not imply any dilTeiirncc of function ; for 
instance, hydrogen and oxygen may Is* either, jiccording 
to circumstances. 

Comhustion being chemical comhinatiorr atU»nded with 
great heat and light, it can only tie brought alxiut in the 
case of hydrogen and oxygen l>y making hyfirogeii 
combiiie with oxygen or oxygen with hydrogen. Thus, 
when a burning ta|ier is puslied into a Ixitrle of tiydrogcn 
gas held mouth downwards, the hydrogen burns at the 
mouth ; Ixscause there it cornbines wUli tlie oxygen of the 
air. On the other baud, the taper does not burn inside, 
because there is no oxygen for chemical union. If now 
a jet oi oxygen bo inti^aced through the mouth of 

2 
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burning hydrogen, it hurri«» in the bottle of hydrogen 
chennctilly combining with it. 

Birnilsrly, a jet of hydrogen, introduced into chlorine 
gft* and lighted, burns forming \vl)ite fumes of hydro- 
chloric acid. Here, hydrogen is th(‘ crunhustihle gas and 
chlorine, sup|>orler of comhu-^lion. Again, chlorine burns 
in^an atmonphere of hydrogeti. tlnis becoiiiing a comhus- 
tihle gas. 

20. Conditions of Combuittion. -(i) /u vo/ ternDPra- 
iurr. — To oauHo a aiihslance to burn, it must b«; raised to a 
certain degree of tempemtun* at sonu; portion at least 
of its mass. But when once started. comhuHtion gcmerallv 
continues by itself, owing to the beat produced by the 
oUeinioal action. For example: 

1. A candle does not burn until wo light it. For, the con- 
stituents of the candle do not coinbino with the oxygen of the 
air. until we start the chemical union by applying heat. 

2. When a piece of phoKphonis is exposed to the air, it 
fumoH in the air, undergoing slow eomhus* 
lion. Ah the action proceeds, heat is 
developed and the phosphorus melts and 
burKts into flame, emitting detiKe, white, 
strongly smelling fumes of phosphoric oxide. 

(ii) Free of oryj/rw. — This is 

noceftsary to continue oomhustion. Hel- 
lowa are used ftimply to increase the 
aupply of air. Conversely, to diminish 
or to prevent combustion, it is sufficient 
to diminish the supply of air or to stop 
it completely. The flame of a spirit 
lamp is put out by covering the top. 

Kdrpf. 28. — Bum a candle in a bottle witli 
a narrow neck. It bums brigUUy at first. After a short time. 
It flickors feebly and finally goes out. This is due to the eon- 
sttinpiton of the oxygen gas originally contained in the bottle. 
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If a substance ban once been completely burnt, it can no 
longer burn. Thus, ciurbonic acid gas and Ktoam, the produotH 
of combustion of carbon and hydrogen with oxygon, do not at 
jdl burn in air. 

Questions. 

• 1. How can you prove that water and earboiiic acid ga.s are 
formed when a candle hurnn ? 

* 2. Descrilx) an exporiment to illustrate the fiu't that when 
chemical change occurs, there is neither gain nor h»Hs of weight, but 
that the l)odies resulting from the action have exactly the same 
weight as the bodies which took part In it. 

* What is meant Ity oxidation ? (»i\e some familiar examples. 

1. What is notit^ed when a euiidle is hurnt in a vesstd (u) with a 

narrow (/.) with u wide mouth? (Hvr reasons for yonr answer, 

Kxplain why (o) a t'andle continues t<* hnrn, after It is lighted, 
and {h) a piece, of phosphorus takes tire by mere exposure to air. 

• fi Kxplain the stat^uneiit that oxidation rs’cnrs when a candle 
hums. How Would you sluov this (•» Ixr the ease? 

7. De.serilKJ any expe'rimeuts to show that (n) heat is given off 
when chemical union takes place. ih\ carls^n is eontainud in the 
wax of a candle. 

H. What is combustion? Hive wune examples. 

It. Name th<' clcm<u)ts of which the. following are composed and 
give their ('h<*ini<’al names : oil, chalk, caustic soda, water, lime, 
soot. (’Op|MT sulphide, steam and carlwinic a< id gas 

• 10. Explain the terms “ com hast ibl«'< ” and “ supporter of com- 
bustion ” as applied to gamis. How may hydrogen and chlontu* las 
either according to circumstaiu es? 

CIIAPTKIi III. 

All; 

27. What Is air? Air is a mixture of ganen, con- 
sisting chiefly of oxygen and nitrogen. The average 
proportions of oxygen and nitrogen may given as, 
Hy\olufiie Hy weight 

Oxygen 21 211 

Nitrogen 79* 77 

100 100 

* 1 per cent, oi Argon preaerit ig here included with the nitrogeri. 
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Besides oxygen and nitrogen, air contains variable 
quantities of carbonic acid gas, water- vapour, ammonia, 
nitric acid and ozone. Besides the gases, there is always 
present in the air a quantity of suspended matter, the 
chief of which is dust-particles. 

Ammonia ifi a compound of hydrogen and nitrogen. Nitric acid 
(Hydrogen nitrate) is a compound of hydrogen, nitrogen and 
oxygon. Oaone is a condensed form of oxygen. 

2B. Air is a mixture and not a chemical com- 
pound. — limtton/t. — (i) Substances ktiown to bechetnical 
compounds do not varv in composition ; hut the composi- 
tion of nir does vary slightly in ditTercnt places. 

(ii) The properties of air are inkTinediate between 
those of its constituents. If it wtue a chemical com- 
pound, it would have quite tlilferent properties from them. 

Thus, a eundlo which hums in air inodcrately is put out in 
nitrogen, hut hums very brilliantly htkI energetically in pure 
oxygen. Again, oxygen has a sp. gr. of 1‘1 and nitrogen 
a sp. gr. of 0*97, while iiir has a sp. gr. of 1. 

(iii) When nitrogen and oxygen are nnxed together in 
the proportion in wliich they occur in air, there is no 
sign of chemical union, such as evolutjon of heat or con- 
tniction of volume : and yet the mixture acts just like, 
common air. 

(iv) Tlu? oxygen and nitrogen in the air may be sep- 
lyratcd to a certain extent by simple mechanical means 
such as diilusion through a tK>rouB suhstauce. or dissolv- 
ing in water. 

(v) The proportion by weight in which oxvgen and 
nitrogen are present in air bears no simple relation to the 
combining weights of those elements. 

29. Compoaiton of air by volumo. 
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tUpt »omo water in a ba»iu anti Hoat on it a 

8mau Chiiia*diHh. Flace a Bmail picNce 
of pkoBphoruH in tlic dinh and invert 
over it a sioppenMl bell-jar, keeping 
the jar well under wat*?r. Ucinove the 
atopper, aiul ignite the jdiOMphorus by 
toucluiig it with a hot wire. lU*|daoe 
the Htopfier iiuinediately. At lirat. the 
wati*r in the jar is driven down by the 
expansion of liie air cuUHed by the In al 
of the datno. and tin* }ur is full f>f 
dense white fiinu'-k of j‘ho.sj>hon<- 
anhydride. After a while, the phos* 
phonis LM.;asi‘s to hum, loui the jar 
becomes cool, The fumes now 
gradnalls dissolve iti th<‘ water forming phoHphune. acid, and 
tin- water rises in the jar to a fifth of tlie sj>ace previously 
oeeuided by ail . 

Pour water into the basin till the le\el of tlie water outHidu 
tiie jar is e*jual to that mside. Now remove tin- stopper, and 
inlrodui'c a hurmije tajajr into the j u. At once it goes out. 
Transfer tlie gas to aiiothe-r Nessel and shaki; it with lime-water. 
Th<‘ gas does nut turn the Iime;*wut«‘r milky. 

From this w*.- learn that air is composed of two gaMis : - One 
which will .supt»orl comhtistion and forms about onedifth of the 
air and the* other whkd] w ill not HUpjiort ecimbustioii and foriiiH 
about four- fifths of the air. The former is eaUed Oxygen and 
the latter Nitrogen. 

Note. — Phosphorus is kept under water becauHO it readily takes 
fire in air. PhoHpboric acid in a compound of phoHjdiorns, oxygen 
and hydrogen. An ac*id has the pro^rty of turning blue litmua 
red. 8o the water over which phosphorus ha* been burnt i 
thi» property, 

30. Carbonic acid iras in air.— ifa wnrrcc#.— Car- 
bonic acid ga]» is given ofl when (1) atiimaia broatbo, 
(2) carbon 'Com[)ounds burn, (3) vegetable and animal 
matter ferments or decays, U) lime-stone is heated. It 
is also evolved from coal-mines and volcanoes. 
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Though carbonic acid gas is derived from so many 
sources, its proportion in air on the whole does not in- 
crease, but is fairly constant, being about 4 parts in 
This constancy is maintained by (1) the action of plants 
which in the presence of sunlight decompose it, taking 
carbon for their growth and setting free oxygen, (2) the 
action of rain which dissolves and carries down a portion 
of it, as it falls, and (3) the diffusion by wind. Its pre- 
sence in air is proved by the following experiment : 

Kxpt. 2r». — Vour some* runc-wator into a shallow vosrcI and 
rxpOKO it U) the air for Boinr tiiia*. A wljjte thin film of chalk 
IH hirmed on tin* stn fac t*. 

'll. Presence of water- vapour in air. — When an 
open veHHvI of water is <*x|)os(hI to the air, the water 
gradually disappears. It has pass(*<l off in the form of 
invisible va[)our, whieh mix<*s wiilj the air. The water- 
vapour in the atmosphere i.s (huiveil from oceans, rivers, 
lakes, in a .similar manner by (‘vaporation. 

lixpt. 26. — I’Imoc a few pi<*ees of dry caleinni chloride or 
ratistic Hoda on the tuhle. The pieeen jjradnally hreoine li<piid. 
This is owing to tlu ir al»Hovliing the water- vaponr present in 
the atniosphen\ 

JCxpt. 27.- -\Vhcn a glass tniidder containing iced vati r is 
kept on a table, line drops of water are f<»nnd on the nntside of 
the glass. This is dne to the vaponr of water eoinh using hy 
eonUiet with the cold sides t>f the glass. 

32. Uses of the different gases found in air. 

(1) Tlio oxygtMi supports animal life and makes tire to 
hum. 

(2) The nitrogen serves to motleraie the activity of 
oxygen. If animals were to breathe pure oxygen, their 
bodily frame would bo over-heatoil and life would l>e ini- 
possiole. 

(3) The carbonic acid gas is used by plants for their 
gix>wlh. 
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( 4 ) The ammonia supplies plants with the nitrogen 
necessary for their seeds ; for plants have no action on 
the free nitrogen of the air. 

(5) The water- vapour is necessary for tlie formation 
of dew and rain. 

33. Respiration is an act of oxidation. -When 
animals breathe in, air goes into a tine net -work of very 
small tubes containe^l in the lungs. From thence the. 
oxygen is carried by the blood all over the iK^dy and 
there combines witli its waste, forming chielly carbonic 
aci<l gas and vapour of Wiiter and producing much heat in 
the act of oxidation. The carbonie acitl gas and water- 
vapour are hreatlied out. while the heal ket'ps the body 
warm. 

34. Expired air contains (^i) carbonic acid gas and 
(^) aqueous vapour. 

‘2H. — iJlow the air from the t)>roug}i a gluHw 

tube or a pievf* of into some ch’ar litne-waU r. The limr*. 

water at oiiee beroiiun milky, nlK wiiig the preM-nee of t halk 
aii«l hence tliut of curhoiiio acid ga-t. 

Krpt. 211.— fUow' the air from the lungs on a cold surface 
for example, u plate rtf glass or a slate. Mitnite drops of water 
will be deposited on it, 

85 , Respiration of animals compared with the 

buminjgr of a candle. — The buniing of a candle an<l the 
respiration of animals are Iwdh acts of oxidation. In both 
cases, oxygen cornhines with curlion and liydrogen and 
produces carbonic acid gas and water. In iK>th 
heat is evolved by the process of oxidation. But in the 
burning candle, this heat is concentrated in a small space 
— the wick, and we sec a dame ; while in animals, this 
heat is distributed throughout the body by the circulation 
of bk>od, and consequently no flame is seen. 
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Note.'—Tho boat produced in animal bodies by oxidation Is called 
animal heat. It is on account of this heat that animals are warmer 
than itianimate objects. 

86. Action of plants on air . — hi ihe jyi esence of sun- 
UglUt plants doconipose tho carbonic acid gas of tne air 
and, taking carl>ou for their growth, give out oxygen 
through their leaves. 

ErpL Place a bunch of j(reen leaves in a glass vessel 

filled with fresh spring water. Invei't this vessel into a hasiii 
of spring water and expOM? it to strong sun-light for an hour or 
two. iSmall bubbles will be noticed on the leaves and a quanti- 
ty of gas will be seen to have colloet<‘d at the top. This gas is 
Oxygon and has been s^t free bv the action of the loaves on the 
carbonic acid gas which is generally pr(‘sent in s]>ring water. 
The carbon has been taken up by the leaves for their growth. 
The preseuce of oxvgcu can be b.nind bv the red-liot splinter 
test. 

If ih(' leaves weiN' not e<pt>s««d to the sunlight, no oxygen 
Would ln' giNen e\eu after tlie lapNC of se\eral hours. 

Note. - Tlie o of earb Mii.’ a« id in spriug or well-water 

may lH»sh<*aM by tin lime-nalei te^t. 

37. Action of animaLs and plants on air.-- .Vnimuls 
breathe in the tiXNget^ of the air, breathe out carlKinic 
acid gaii mixtal with Home water-vapour, give off \wA\i and 
are constantly l»tirning. • 

lliMUM* the air eoutuiued in a <’U>*«e room crowded with pCfOple 
conit4uns more earlioifu' acid gas, more vapour of water and 
othor impuritieH but less oxygen than the outside air. It is 
idso w'anner, ha > tug nearly a tvmjHTitture equal to that of the 
antinal iKsly. 

riants breathe in c.arbonic acid gas, breathe out 
oxygen, take np the sun's light and heat for their growth, 
and are constantly fonntug materiaU which will born. 

' Thus we see that plants produce in the air changes 
exactly opposite to those which animals produce. Plante 
purify Ihe air, while animals constantly render it impure. 
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But the action of animals and plants on the air is so 
balanced that the composition of air remains unchanged. 

This balance between the action of animal and vegeta- 
ble life is illustrated by the vivaria — glass globes shut off 
from air in which water animals and plants grow by their 
mutual action. 

Question5. 

• 1. State why air is ronsidored to bo a inochanical mixture of 
oxypen and nitrogen and not a chemical compound of thoKO olo- 

• 2. Whai do you learn al>out thecompoftition of air hy burning 
phonphorus in a bell-jar over water? I)o(‘H tho watcT undergo any 
changes ? If so, .state how they may ho recognized and to what 
they are due 

• S. Ilow would you nscortnin the composition of air? The 
respiration of animals is said to im an act of oxidation. Explain the 
meaning of this statement, naim- tho prodmtts fr)rnied as a result of 
this act, and deacrilw how tho presence of ea(;h in expired air nitiy 
Ix' provrd 

• 4. Kespiration and coml>nsti<»n are said to Im* similar prrs’esses. 
What 0 video (;<! is there to support thj.->. statemml? In what res- 
poets would \ oil ex ji.'f J the air coiitiiiiM*d in a ( lo^e room crowded 
with t>eople io dilTer from the outside air ? ily what natural pro- 
COHS is the air which lm'> Iven aJlero<l hy re**pinitioii ri*^*tored to its 
original condition ? 

I>. Ill what prr»j»ortion d«>4'« eai Ivmii- acid ^aw exist iu air ? Naina 
its chief sources and cx^ilaiu how ifs j»ro|M;rtion is Kept eonstant in 
the atmosphere. How can its pre^wiicc in air In det"cti’d? 

• r». How do the pro|>ertiea of pure air differ from thoM' tff itk 
constituents? How do you tt/ivuint ior the diffi^renca ? 

7. Name the fsrveral gases found in the air and staU; their um*h. 

• 8. Oimpare the prcs'eiut of bre^athing the air with the burning 
of a candle How may it lx* proved that tlie same snhHtane«.;>* are 
produced in lx>tb ca^'s ? 

• 9. A piece of phosphorus is humi in a Udl jar C4)niainiiig air, 
placed in a ahaliow vcasel full of wat4^r, and after cotnhuation ta 
nniahed, the apparatus is allowixl to atand for Mime time. Heacrihe 
accurately what i« ohaerved to take place and what properiiea have 
been aeqoired by the water. 

10, Deacribe an ezperimetit to illustrate the nature of the 
eha&fM which plant* make in the air. 
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11. Explain the gtatcmont “The part played by animals is 
exactly the oopoKito of that played by plants.'* Describe an 
arrangement where this fact \h illustrated. 

12. (a) Why are animal bodies warmer than inanimate objects ? 
(6) In what rcfipectH do nitrogen and carbonic acid gas resemble 
each other and m what respects do they differ ? 


CFIAPTEH IV. 

IIyDKOOFN, Stjvih : H \ At. ivL L 

38. Occurrence of the elements. — This may be 
viewed from three standpoints : — 

(1) ir/u'/Zicr an th-meni on'ur.*^ in tho /H'lid, liquid^ 

or yanrous Of non-metals, hydro^'en, oxyi^en, 

nitro^(en, chlorine and lluorine are ^ases at the ordinary 
tempi raturt' of the air. Bromiitc is a li(|aiil, and the 
rest are solids. Of metals, mercury alone is Ihjuid. The 
rest are solitls. 

(2) Wheth r an rh-mpnt (n"urtt ahuudiint or ra/r. Som(‘ 
elements are found iihundanily. while (>thers only very 
rarely, that is. in few places and in small quantities. 
O.xygtai is the imwt ahuinlanl element kiu)wn. For. 
alv»ut one hulf of the solid earth, ei^hl-niiiths of water 
and nearly otte-lifth of the air is oxygen. Silicon, 
nitrogen, carhoJi and liNtirogm conu*uext. Nearly one- 
fourth of the earth's crust consists of silicon. All vege- 
table and animal Inxlies are chiefly made up of carl)on, 
hydrogen, nitrogen atul oxygen. Fluorine, chromium, 
barium, manganese and several others an^ met with very 
rarely. 

(3) TFAeflier an tlement is fottutl romhittrd or free. 
Boino elements occur in the combined state only, i.f., 
in combination with other elements ; as, phosphorus, 
chlorine, silicon, potassium. Others occur both free and 
oonihined ; as, oxygen, nitrogen, sulphur, mercury. 
Gold occurs only free. 
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Note«-*-An element is said to occur free or in the nuGre state, 
when it is met with as an element without being combined with 
any other substance. 

39. Occurrence of Hydrogen.- Hydrogen ih a gas. 
In the free state, it occurs only in small (juaniities upon 
the earth, but is supposed to exist largely in the mass 
of the sun. In combination with other elements, hydro- 
gen is extremely abundant. It forms one-ninth by 
weight of >vater and is one of the chief constituents of all 
acids, plants and animal bodies. 

40. Preparation. — Method (i). — Hydrogen can be 
produced htf the decomposition of water hy passing a current 
ff electricity through it. (Vide Chtip. VI.) Tliis is known 
as electrolysis of 'water. This method of obtaining 
hydrogen is called a physical method, since electricity 
is a physical agent. Here, the gas is obtained jmrr hut 
in small guantities. This method is also {fxpensive. 

Method (ii). — Hydrogen is produced hy the action tj 
Potassium and Sodium on wati r at urdinary femperaf urcs. 

Action of Po(a55ium on water.— A’/p/. ai. Tlirf^w a f>iroe 
of potUHHiuni r»n water. It tljmts upon iti^ hnrf;u‘«- /nal hwiius 
rajmlly about an a iiioIU-u glohrd<*. And tin* uiouM’ut the* metal 
touches the water, a tlaitie of a vioh t c olour appe arn rouud it 
tuid hually tlu* piece diwuppearH with a. ‘^Ii;4ht man*'. 

The chemical action that takes place may h<; stated 
thus ; — Potassium seds free a juirt of lh<? hydir^gen from 
the water and comlanes with the oxygen and ilu? re- 
maining hydrogen to form alkali tKdash. This remains 
dissolved in the water. Hut the heat developinl hy the 
chemical action is so great that the liberated hydrogen 
takes fire and hurii.s. The* flame is coloured violet hy 
the vapour of potassium. 

Note.— Hydrogim btirtii* In air with a p'tU blue Hanie. 

Actiofi of aodittin on water.— A'jrpf. Throw a smal] 
piece of •odium on water. It nwirnN on the surface ond com- 
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binen with the oxygen of the water to form alkali soda, eetting 
free the hydrogen. No dame is seen around the metal as in 
the case of potassium, since the heat generated by the chemical 
action is not sufficient to set fire to the hydrogen generated. 

If however the metal i» thrown on hot water or a 
solution of starch, or if we prevent it from moving about, 
a flame of a yellow colour will he seen. 

As potassium and sodium have great attraction for 
oxygen, they are kept under rock-oil wdiich contains no 
oxygen. 

The water on which potassium or sodium is thrown ac- 
quires alkaline properties owing to the presence of caustic 
potash or soda in solution Hence the w*ater produces 
a soapy h?(‘ling hetwoeii the fingers, and turns rod litmus 
pa]M.T hlue. 

To pripfiTe hydrogen hy the action of sodium on \vator. 

hUpt. lV^,• a few KinuU pieces of sodium with Home incr- 
con y in a mortar so us 
to form an utmilgam. 

I^rop thin amalgam iiile 
a hufoin id water, loul 
inv<*rl o\er it a test tula* 

IiIUmI with water. Th* 
sodium will decom|M>M* 
the water setting frw 
hydrogeti, whieli ascends 
the tube a« bu hides and 
ciispltHH^H iho w^ater. 

Kvpt* H4. — \Vn\p a sniall bit oi sodium in a piece of wire- 
gau/e. Pip it rapidly into water underneath the mouth of an 
tnverti<d test-tube filled with water. Hydrogen ia act free and 
coUecU in the tube displacing the water. 

Method (iii). — Hydrogen is prepared hy the acium of 
like iron on wator at high temperatures. 

If steam is passed over red-hot iron, the oxygen of the 
steam combines with the iron to form an oxide known as 
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the magnetic oxide of iron, and hydrogen free* 

The hydrogen may be collected over wal^ the 
pneumatic trough. 

Method (iv).— Hydrogen is prepared hy the atOom 

of dilute sulphurio acid on zinc* 

Expt. 85. — Take a flask containing a few zinc clippings and 
litU*d with a cork through which are passed a long funnel-tnbe 
and a bent tube. Pour down the funnel some dilute sulphuric 
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acid. The zinc diHsojvi H in tb<^ acid f</rniiiig zinc hMl)dniii\ 
while bubblcK of hydrojjcn jjhk arc I'ivcn oil. Thcnc bubbles 
are collected in liottles filled with water and placed in the 
pneumatic trough. 

Iron filingH may Iwj substituted for zinc, and hydro* 
chloric acid for sulphuric itcid. If iron and sulpburic 
acid are used, iron sulphate or green is formed 

with evolution of liydr<;gen. 

Note. — Cauntic |K>UKh i« a oompouiitd of oxygen, bydr<>geii and 
pot^ium. An i«( a mixturfi of a nif tal with mercury* 

Zinc sulphate ik a oompoutid of zinc, ttuipbur and oxygen. 

Sulfuric acid is a compound of bydrof(cf}. oxygon and sulphur. 

Mydrochloric acid a cconpoond of hydrogoD and chiorioc. 
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41. Properties. — 1. Hydrogen is a colourless gas, 
having neither taste nor smell. 

2. It is the lightest known substance, being 14^ times 
lighter than air. Hence it is used for filling balloons. 

B6. — Turn upwards the mouth of a jar filled with 
hydrogen and tjulckly light it. The hydrogen will burn with a 
much larger flaine than when the jar is held mouth downwards. 

Kitpi. H7. — Take a bottle filled with air and another filled 
with hydrogen, and hold the 
IsttUe of air aho\e the bottle 
of hydrogen as in Fig. IB. In 
u few seeonds it will be found 
tliat tin* liglit h.vdrogen has 
passed up into the n|)per bottle 
and displaet'd the air. For if a 
light is applual to the top bottle 
with iU mouth downwards, the 
hydrogen will take tire and Fig. I'i. 

burn, with a slight report from 

admixture of air. Thus, we mr \ t>our a jar of hydrogen up- 
wards into another. 

Krpi. BH. -- Plaee a vessel eontaining hydrogen month up- 
w.irds and uneoi ered ; the gas eseapes in a short time, and the 
voHsel heetunes filled with eommon air. Hut if the mouth is 
held downwards, it remains in the vesseffor a longer time, 

3. Hvilrogeii is very slightly soluble in water. 

4. ll is inflainmalile. and burns in air with u pale 
blue flame giving out much heat ; but it is not ordinarily 
ii supporter of ct^mbuslion. 

f.’rpf. B9.— Push a burning candle into a jar of hydrogen. 
It lights the gas at the mouth, but is put out witliin the jar. 
When taken out, the candle is rekindled by the fianie af tlie 
burning hydrt>gen. 

5. A miKturu of oxygen and hydrogen violently ex- 
plodes, when a light is applied to it. 




Test lor Hydrogen. — Hydrogen ^ wheyi lighted^ hums 
iu air with a pale blue j lame forming water. 

42. — When hydros:en burns in air, nothing: but 
pure water is formed. 

40. — ^Vhen a di\v, cold, is inverted over a jot of 

h> drogeii that is burning, Binall drops of water are dopOKitcd 
on the inside. 

If the gas is burnt in a jar, no nnlkinesH is prt)dueed wh<‘n 
clt?ar lime-water is poured into it and shaken. Thus, we see 
that no carbonic acid gas is produced as in tlie case of a hiirn- 
ing candle. 

43. Uses. — Hydrogen is used (1) to fill ballooiiH, on 
account of its lightncHH, (*i> to reduce hoiuc metallic 
oxides, on account of its aflinity f<jr oxygen, and (3) to 
fuse platinum by the help of tin* oxy-hydrogeii hloW' 
pijKj, on account of the great heal produced \%hen it 
ininis with oxygen.* 

44. Difference between steam and a mixture of 
Hydroj^en and Oxyg:en. — (1 ) When heated, a rnixtun 
of oxygen and hydrogen explodes, forming Htcuin ; but 
on heating, steam only expands and does not undergo 
any change in its com jwsi lion. (2) The inixtiire Ijecomes 
condensible only under extremely high pressure and low’ 
temperature ; w*hereas steam is easily condensible by 
cold. (3) The mixture is not absorl>ed b}' hygroscopic 
substances such as bulphuric acid or calcium chloride, 
while steam is readily absorl>ed by them. (4) The mixture 
absorbs but little radiant heat ; whereas, steam absorbs 
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much radiant heat. (5) Bteain contains its constituents 
in iixed proportions by weight ; but the mixture not 
necessarily. 

Questions. 

• 1. ]> 0 HC.nh(> tho chAngf'B ivhich occur and name the produeta 
formed, when a piece of poiaftHium in thrown on water. What new 
propctrlicM d«jcH the water acquire in conK»‘qucnce of this action ? 
Montiun two wuyn by which tliia prom^rty can he rc'iogniucd. 

• 2. A piece of sodiuin in placed on the Kurfaee of hot water 
contained in a vchw*!. lH*m*riiH!' accurately what is observed to take 
place and what priqiorticH have been acquired by the water. 

• Ji. I>i;s<,'rilH» a choniicul method of preparing hydrogen from 
water. 

4. Name thi? most important roiniM>iind of hydrogen. If vou 
desire obtain the gas in as pure a condition as possible, what 
method wtmld you adopt ? 

• a. What arc the names of the compouiulH which hydrogen 
forms with (u) oxygen, (h) chl<»rin(\ and (r) nitrogen ? 

ti. If y<m desire to prepare hydrogen in large <{uantilics, what 
nuith«Kl would you adopt ? Hy what tost \vo\dd you identify the 
gas? Name its chief properties and state how the gas is collected. 

7. I>«,*»i'rihe experiments to show that 01 hydrogen is lighter 
than air : {'!) when hydrogen burns in air, nothing but pure water 
is formed. 

• 8, State what you would are if the following ex{)crimcnt« were 
performed b«*f«»rit you. atid write the equatious repn‘s<‘nting the 
rc actioriH which would tx eur, 

(1) Sulphurie acid i.>» pour«?d ov, r some |.‘iecesof granuhite<l zine. 

(2) A eieati cut piece uf ami nun in thn>wii on wiater. 

(3) A clean cut puH*e td iMttavsiuiii is thrown upon water. 

• 0. iVscriliv clearly what takes plac'c when 

(a) ateani is pass«*<l over rtxl hot iron : 

(f»j diluUr snlphurii: arid is |s>urwi on iron tilings : 

(ei a burning candle is intriHluced into a jar of hydrogen ; 

(d) a current of eltH^tricity is pasaed through acidulated water. 

10. Explain why (1) potaanium and Mxlium ar«? kept under rock- 
oil, and (2) a mixtur«* of hydrogen and oxygen explcKlca when lighted. 

*11. In what respects doiw a mixture of oxygen and hydrogen 
differ from the chemical compound of these bodies ? 

• 12. How do the propertiea of steam differ from thoae of its 
oostlitUttiiti f 0) How do you aecomit for t 
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Answer, (a) Hydrogen is e eombuetible gng, oiygen « mpporter 
of combustion ; nut steam is neither. (3) Hydrogen base density of 
0*067, oxvgen I’l : while Kt«*ani, 0*65. (3) Btoani is readily oon- 
denmble by cold ; but b<3tb hydrogen ana oxygen are c<indonsible 
only under high pressure and groat cold. (41 Hteam alMorbs much 
radiant heat ; but hydrogen and oxygen do not. (5) 8teatn Is 
readily absorbed by sulHttances such as calciuiii chloride and sul- 
phuric acid ; while neither oxygen nor hydrogen is. (b) SU'am is a 
chemical compound. 


CHAPTER V. 

CnKMirAh Notation. 

4o. Chemical symbols and their meattinit. - In> 

HkMid of writing tin? full narnr of oaoli (‘l<‘tncnt and com- 
pound, the chomiHt ukch a kind of Khort-hand. JCach 
element, or rather a definiu* proportion of it in reprcHcntcul 
l)y a Hvnihol and tiiis in the. fiihl letter or tint hrat letUsr 
followed hy an additional dmtinguiHhing letter of the 
Englinh or the Latin name. Tlius, C’ standH for carbon ; 
K for potaBsium (Lat. Kalinin) ; Si fornilicon, and Mg for 
magnesium. The single hdter is alw’ays a capital letter. 
When two letU*rs are used, the first is a capital and the 
second a small letter. 

The tfymfud daen not mrrtdij ntand far th** rlemrnf in (jutmtian 
itut it represrnU a drfinitf irei/jht of it, t./*., tfie HmaUest 
projK>rtion by weight in which tfu; element i» found to 
combine with others. Thus, the symbol () does not 
merely express the name of the eierneiit oxygen hut 
IG parts by weight of oxygen, which i.H the combining 
weight of the elctment. Similarly, stands for 12 parte 
hy weight of carbon. Using a Hymf>ol, when no definite 
quantity is meant, is therefore a highly objectionable 
practice. 

The comblElfif weight of an element i« the number rtpre* 
eenting the emalUei jtr^p&rtum by weight m which that elemet U 
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eombimei with another » Hydrogen being the lightest substance 
known, its ocnnbiiiing weight is taken as the standard of com- 
parison and is accordingly unity. Hence when we say that 
we oomidning weight of oxygen is 16 , we mean that the small- 
est quantity by weight of oxygen which can enter into chemi- 
cal combination Is 16 times as great as the smallest quantity 
of hydrogen (H) which can also enter into combination. 

Nllte«~-Tho combining weights are sometimes called atomic 
wel|riitJi« An atom (Gk. a not, tomno ■■ I cut) is defined as the 
smallest indivisible particle of an element which can enter into 
chemical combination with another clement, or which can be 
liberated from a chemical oom|^)ound. Hence it in also said that the 
•ymhot 0 stands for the weight of an atom of oxygon. 

46. A chemical formula and its signnificance. — 

A chemical formula is the representation of a chemical com- 
pound Ivy moans of symbols. This is done by placing the 
Hvmbols of the eleinentn composing the compound side by 
sSdcj with sufhxes indicating the number of atoms of each. 

Here arc the forinulnr* of some of the compotinds mentioned 
in the preceding chapters : — Water, H,() ; ('arbonic acid gon, 
CO, ; ChaUc, ('aCO, ; Sulphuric acid, H,SO* ; Caustic Soda. 
NaOH ; Zinc sulphate, ZnSO, ; Magnetic Oxide of iron, Fe,0^. 
The quantity of anv coinpound which is rcprcNented by its for- 
mula is si)oken of aw a molecule. When a number of molecules 
is to be represented, the particular number is prefixed, as 
8 H,80, which is i*ead as eight molcculeli of sulphuric acid. 

What a chemical formula leaches us. — 1. A chemical 
formula tells us the vlemefitg of which a compound is 
oomposed. Take, for instance, the formula H^jO. We 
learn from it that waU^r is conij>oscd of hydrogen and 
oxygon. 

2. It UdU us the number of atoms of the elements 
of which the compound is cornposcMi. Tims, from HjO 
we learn that water contains two atoms of hydrogen and 
one atom of oxygen. 

3. It tcdls us the proportion in which the constituent 
damenls are oontaineo in the compound. Thus, we 
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leAm from the formula HjO that water ih corapoaed of 
oxygen and hydrogen in the ratio of 1 : 2 by volume^ 
and 16 : 2 by weight. 

4. It repreaents one molecule of the given compound 
and gives its molecular weight. Thus, HfO represents 
one molecule of water and tells us that the molecular 
weight of water is (2 -f 16 =* ) 18. 

Note A nti)hcnU Ik the KmalU^Ht quantity of a compound 
or an element ttuppowxl to Vk* capable of exlMtinK by having 

all th« properties of the MubitMnee. Ail physical changes are 
Hupi>o»ed to take ptacM; IwtwiH'n tnoIcH'uleH, and tdicmical changcH 
hctwf*en atoms. 

Note J. — The molocnlar weight or the weight of a molecule in 
the gum of the weights of tin* aUuiin of whtrh it is coinpownl ; for, 
molecules are made up of atuinK. 

47. Chemical equations and their uses. -A eheinl^ 
cal equation is the representation of a chemical change 
in a shortened form by means of symbols. For examples 
the chemical change that takes plae.e when potaHsium is 
thrown on water is represenUMl hy the following equa- 
tion : — 

Potaasiuiii. Wati*r. Alkali rotaHh. Ilvclrogcn. 

Kz -f 2 HjO -= 2 KOn -i li*. 

The equation means that one moleculf; or 7H parts by 
w^eight 01 potassium artiufj chemically ot\ two molecules or 
36 parts by weight of wat<‘r yields two molecules or 112 
parts by weight of alkali potash m*d one molecule or 2 
parts by weight of hydrogen. 

Notc.-Iu a ehemioal equation, the Hub*»tui»r« h that we have 
before the chemical (’hange an* repr< vnUd on tin* left baru! »(ide, 
and the «uh»iUince« that w'c ha^e afUjr the t luminal change, ^on the 
right'hand aide. 

Similarly, the chetuical change that takes jdacc when sodium 
is thrown on water is represented hy the equation : 

Sodium. Water. Alkali Soda. Hydrogen. 

Naj ^ 2 H 2 O 2 NaOH -f Hf, 
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What a chemical equaiion teaches u$. — Take an example. 
We ptepaxe hydr^en by the action of dilate sulphurio 
acid upon eino. The change which takes place is repre- 
•entea by the equation : — 

Before the change. After the change. 

Zinc and yield Hydrogen. 

Zn + H,804 = Zn SO* + H, 

65+2x1 +32 + ]Gx4 = 65+32+4x16+2x1. 

Gfi+ 9H = 161 + 2 

163 ~ 163 

1. A choiiiical equation tells us what tnihstancefi undergo 
rhemxcnl change and what tuhstanccs remit front if. Thus, 
we learn from the above equation that Hulphiiric acid 
iveting upon zinc produces zinc sulphate and hydrogen. 

2. It tells us what treights (f suhiftances undergoing 
chemical change yield what xrvighia of freah snhstance^. 
Thus, we learn from the above equation tliat 65 parts by 
weight of zinc an*^ 1>8 part.-^ by weight of sulphuric acid 
yield 161 parts by weight of zinc sulphate and 2 parts by 
W’eight of hytlrogen. 

3. It tells us that, when chemical changes take place. 
there is only a difference of arrangement rf the atoms, and n 4 t 
substance which ir«n? n*tt thert‘ before the change is after- 
tcards prestnd. Thus, in the above equation, the one 
atom of aiiic has replaced the two atoms of hydrogen 
in sulphuric acid to form zinc sulphate and hydrogen. 

4. It tells us that nothing is lost w’hen chemical 
changes take place. Thus, from the numbers w'hich the 
several symbols in the above equation represent, we learn 
that the sine sulphate and the hydrogen which we get weigh 
exactly as much as the zinc and sulphuric acid wre took. 
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Hence the uses of ohemioel equations are (1) to repre- 
sent chemical changes in a shortened form by means of 
symbols ; (2) to enable us to calculate the wei|^t of 
materials that should be used in order to get a ([i ven weight 
of a reciuired substance ; (3) to prove that in chemical 
changes we have neither gain nor loss of matter. 

48. Chemical Arithmetic* 

(1) How many ^aminos of oxygen can be obtained by 
heating 100 grammcH of red oxide of nieroury ? 

The equation representing the chemical change Ik : 

•i Hg(l . i Hg -f O, 

2 { 20 (> -f Ifi) *• 2 X 2(X) -f. 10 X 2 

432 40r) .32 

Frt)in th«! eij nation, wo learn that 

For every 482 grainmeH of the oxide, we get 32 of oxygen, 
for every 1 gramme, we get ■" A oxygen, 
for every 100 grammes, we get X VV* 

grammes of oxygon. Ans. 

(2) Find the weight of steam and iron required to generate 
40 lbs. of hydrogen. 

The equation reprcKcnting the change is : — 


Magnetic 


Steam. 


Jron. 

oxid^* of iron. 

Hydrogen 

4 H, 1) 

4- 

3 F.^ » 

Fe , (), 

4 4 H, 

4 (1 X 2 -f lf>) 

4* 

3 X M « 

(M; X 3 ^ Hi X 4) + 4 X a X 1 

fi 

4- 

IVS •» 

232 

4 H 


Now. from the erpiation we leam that, 

to get H lbs, of hydrogen, we nv|uirc 72 lls-. of hieani and 168 lbs. 
of iron. 

•*. to get 1 Ib, of hydrogen, we require lbs. of steam and 
IfcrH. of iron, 

A to get 40 lb«. of hydrogen, wc require V X V steam 

and X V Ih*' of ifOT*- 

That ia, 3IX) lb**, of sK^ni, H40 lbs. of iron. Aoa. 
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Find thf* ix?roenta>?e componition of nitric acid. 

The fommla in HSOj 

A the molecular weight is 1 14 -f 4rt « (13. 

Now, for evury IVl parts hy wciijfht of nitric acid, w« have I of 
hydroKon, 4H of oxygen, and II of nitrogen. 

(or everv |0(> parts bv weight of nitric acid, we have X 
’•;« of H; r/ X s -‘of (i. .U X 

» i» . 1^ ', of hydrogen, 7r>/j of oxygen and 2‘i; of nitrogen. 
Hydrogen . . l»50 

Oxygen TT* l‘.> 

Nitrogen . . 2*2 22 

HK)(X» A ns. 

Note.— The percrntauc ctunposition ih im>r»*ly the stateinent of 
the rehilive w^-ighln <*f each of the «’onstituents in KM) parts of the 
('ompound 

Questions. 

1, H(»w is the syinlstl (»f an element ft»rined * F»»r what does 
the aymlxd ‘ Mg * staml ? 

2. What is a chemical formula ' What tioes it signify ? 

• IV (4O What (juantitv •*( water is reprcMmUHi bv tlae formula 
OH,? 

(M FAplain h<*w th ‘ coinpositi*)!! hy weight isexpreasod by 
the f(»rinnla c»f a e«*mpomid, 

4 Fiml the moh i ular weight *>f sulphuric acid. How di>es a 
molecule differ from an a^ in *’ 

• fj. F»)r what purposes are chemical equations employed and 

what inf»»rmation do they convey ' • 

• tv t iunplelc the e<iuati«»n /n -f- Hj SO, w 

Calculate the weight < ( /ino and of sulphurie acid required to 
produce four grains of hydrogen. 

t 7, Hln^w iu>w vou would iw a ('hemieal equation to aacortain 
the weight of sulphuric at'id rispiired to dissolve luO lbs. of line 
and the weight of hydrogen thu.s produc^td. 

vH. Write in Wi>rni* 

(a) F« d- H.8(>. — FeSO, 4. H^ 

(dl Zn -f ^ iJFl — ZnCl, 4 H, 

• 9. What ia maant by the combining weight of an elemeut ? 
Explain why the combining weight of oxygen ia said to be 16. 

10. Find the percentage composition of Forroaa Sulphate and 
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VI.] COMPOSITION OF WATKlt, 

1 1. Writo equation* for the following n^aetioiiN : 

(dt) The action of dilute Sulphuric atrid ujhui iron filiiigM. 

(b) The dc€oin]K>Hitioii of At««am by r»Kl hot iron. 

(c) The action of «u>dium on hot water 

(d) The action of diluu^ hydrochloric acid on *inc clippiugH, 

l*i. Kxpiain the meaning of the following equation 


Iron 

HydnK’hloric 

Karric 

liydrogou 


acid 

chloride 

Fc 4- 

i HCl — 

FoOl, 

+ II,. 


• m Calculate the weight td hydrogen and iron (»\>de which 
will be produc<Kl when ‘i«X) gramiiu*** of irr>n are heaU^d in a enr- 
rent of litoam, if the oxjd<* prodticed ha'i the formula 


CUAPTKli VJ. 

Composition of W.\tkm. 

49. Water is a cherni(!al compound of oxygen and 
hydrogen in tlie proportion of 1 : 2 by rulume, and IG : 2 
by weight. 

The composition of any comp:)und may be <letermincd 
either hy analysis or hy Hynthesis. Afuihjgit is the dtj* 
composition of a compound into its component elements. 
Synthesis is the building up of a comjKmnd by bringing 
together its compobent elements. 

The expression Qualitative composition is used to 
denote the elements of which a compound is built up. 
Quantitative composition to denote the pro})ortion by 
weight as well as by volume in which tne compound 
contains its constituent elements. 

50 . Composition of water by volume. —( 1 ) Analysis 
of teatsr. The composition of water hy volume is found 
by decomposing water by a current of electricity » wben, 
for every two volumes of hydrogen one volume of oxygen 
is produced. 
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Kxpt. 41. — Take a funnel-ahaped glasBt oloHed at the 
bottotii with a cork through which two platinum wires pass. 
Pour into the funnel some acidulated water. Fill tw’O test 
tubes of equal size with water, and invert them over the ends 
of the wires in the glasn. Now% connect the other ends of the 

wires with the pole wires 
of a drove’s battery. A 
current of electricity at 
once imsses through the 
waiter and decomposes it. 
Hence bubbles of gas 
a])pear around the* plati* 
nmu w'ires and rise in the 
two tuhi's displacing the 
water. 

It will he observed that 
twiie as nnicdi gas col- 
leelH in tile tube as in 
the otln r. The gas pro* 
dut ed in sniuller <juantity 
is oxygen, as it will he 
foujid to rt'kindle a red- 
hot si)linter of w o o d 
intn'Hlueed into it. The othi’r gas is hvdrogen, as it will he 
found Ui burn with a pale blue flame, when lighted. 

Thus, We conclude that water is compOKcd of on<* part hv 
vohitm of Oxygcfi and J parts of Hy<tro|ten. 

(ii) SyntheAiA of water, 

Krpt. 42.- Sejid an electrie spark into a mixture of two 
voluiiiCH of hydrogen and one of oxygen. The entire gtiseous 
mixture is changial with an explosion into water, leaving no 
residue. If W'o t^ike of either gas a little more than the re- 
quinni pro|Hirtion. the excess remaiiiH uncoiubinod. 

61. The composition of water by weii^ht. ~>The 
oomposition of wak^r by weight is determined by posaing 
a oummt of pure and dry hydrogen over a known weight 
of bested black oxide of copper. The hydrogen combines 
with the oxygen of the copper oxide to form water and 
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the bltu^k oxide losing its oxygen is left t)ehin(i as a bright 
red powder of metallic copper. hVorn the weights of the 
copper and the water formed, we can easily find the 
proportion by weight of tjxygen and hydrogen in water. 
Thus, if the weights of the coppiT oxide, copper, and 
w'ater are H2 grs., 50 grs, and 30 grs., respectively, thi* 
36 grs. of water formed contains 32 grs. of oxygf'n ami 4 
grs. of hydrogen. 'J’hat is, waU r is cottqxmed of 1 part 
of hydrogen hy weight to (*very H parts of oxygen. 

Kvpl. 43. — Take a hiilb-tulH' of hard A rontiiininj; 

black oxide of copper ((’uO), and a U tube B tilled with dry 
culciinn <‘hlorid<\ \Vei^;h them both itiparat*'/#/, ami 

not<'. down their weights. 

Next, take a Ibisk C eoiitaining y.ine for gera rating by 
drogen, a wash lKittle D eoiitaiiiing slrotig Htilpburi(‘ aeid for 
drying the liydrogeii. and a gbi.HS t\ibe K (‘ontaining culeiuin 
ehloride for (Irving the gas still further. 

f 



fiR. 15. 

Kovir, arrange the whole apparatus as shown in the figure, 
and |K)ur down the funnel-tulm Home dilute sulpbiiric acid 
upon the xinc elipptngfi. Hydrogen gaa b gentjrated, and 
pausing through the whole apparatus expels all the air. and 


42 


(HBMIHTKY. 


[chap. 


thoroughly au it bubbloH through D and E. When 

the air has all U^en expelled, heat the copper oxide in the bulb- 
tube by ti lamp. 

The hydrogen coiiibincK with the oxygen of the copper oxide 
to form wat<?r, and Uie black oxide loning its oxygen is left be- 
iutul as a bright rc<l powder of iiietallic copper. 


Hla<;k oxidcr 
of (Mipper. 
Cu*) 


n\drogcMi. 

Hi — 


Water. 

lUo 


Copper, 
-f Cu 


The wat<‘r fonued Ity the union of hydrogen with the oxygen 
nf the copper <»xide is absoi hed by the calcium chloride in the 
tube B. 

.\gain. s\cigh the bulb tube A and the U-tubo B. It will 
n<iw i>e h>iiiid tiiiit I fie tube A leu*, having lost the 

w’oight of oxygen, atul the tuls' B iceitjhh mon\ having gained 
tile weight of water foriiie<l in tlu* re action. 

We haxe 

(i) Wt. td the tube A before expt. is 1,000 grs. 

.. .. after expt. is 9ft0 grs. 

•*• ilie b»Hh of wt. due to tlie eseape of oxygen is 40 gra. 

liii Wt. of the tub«* B before expt. is H(X) grs. 

aftiT ex]>t. is 845 grs. 

tile gain of wt. <iuc to the water formed is 45 grs. 

So we see that \ > gr.s, of water contains 40 grs. 
«>f oxygen, .Sinee water oontains notliing but oxygen and 
byiirogen, the weight of hxdrogcn in the water must b« 
45 -40 — .5 grs. 

Thus, wo find that 45 parts by weight o( water con- 
tain 40 parts by weight of oxygen and 5 parts by weight 
of hydrogen ; or U) 2 parts of ktfdrogen by weighty icater 
ronfnins t6 parts of oxugen, 

52. Properties of water. — Water exists in nature in 

three forms : in the solid form as ice, in the liquid slate 
as water, and in the gaseous form as steam. 

(<i) Physical prapertws : — 1. Pure water has no taste, 
smoll or colour. Deep water appears blue. 
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2. It is liquid at the ordinary tomj^H'rature, but frec3!t»s 
at O®0. and becomes steam at 1(X)'C. under normal 
pressure. 

3. It is more than 8()0 times heavier tluin air. ami 
has a maximum density at 4^0. 

4. It is almost ineompressihle. 

5. It is a had conductor of heat and u ^ood coudiiotor 
of electricity. 

(6) Ckemical x : 1. In cry^^tals. water serves 

to keep their (^rvstallim* structure. 

2. Water is the best solvent. A ^^nuitei iniml)«‘r 
of suhstanc(^s dissolve' in it than in any other liquid. 
Thus, it greatly aids chemical chan^t‘ hy l)rinj.;in^» into 
close contact the substances which an? to act chemically 
upon one another. 

3. It is dec(unpoHed hy many im*lals. Thus, potas 
sium, sodium ami caU ium decoinpc>se it l a thf rohl ; 
iron, zinc and rna^musinin iWiea r*ui-hnt : vvliile zinc and 
iron by the help of an arid. Oil the rdher haml, ><old, 
silver, mercury and cupper have w art ion whatever 
upon water. 

Questions. 

1. Explain the twu intahcslH !»> which the c uiniMMind nature uf a 

substance may Iv- detanninisi. J>eHerilK* twt» ex|MjrimentH 

illustratiTo of your answer, 

2. Explain how the efTe<t of H<^>ndinK heat into watar differa 
from that of aending a current of elw tneity into it 

• 8. What i« the compoMition of water by weight and hv 
i^olume? By what experiments ran the relative proportion of iU 
conxtt taenia be dcmonatrat4Ki ? 

i. Name the three different atates in which water ia known to 
ua liow may water be docompo<iod without the applicatioti of 
chemical re-agenta? 

* 5. Deacribe how you would aacertain the qualitative coropo> 
atiion of water ? Having proved that water contaioa both oxygen 
and hydrogen, bow would yon abow the proportion in which tbeae 
elooieots are ooml^ned, hy weight aa well ss by volume f 
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• 6. WbAt Action takoii place when hydrogen is passed over 
boated black oxide of copper ? Describe how the r6>action is used 
for ascortaining the relative weights of hydrogen and oxygen in 
water. 

• 7. Desrribe the changes which occur when a stream of dry 
hydrogen is passiKl c»ver heate<l black oxide of copper. If 158 
grammes of comwr <jxi<le are heated, what weight of hydrogen is 
iieoessary to reduce the oxide eoiiiph'Udy ? 

H, When 52 821 grainiues of hltick oxid*- of co|)|m r were heated in 
contact with hydrogen, the reMdual copper weighed 4 1 '98(> grammes 
and ri lil? graintiK'H of water rditained. Kind the percentage com* 
(Mkhition of water. 

• 9. Kxpluin how a cle-mical c<juatir)i) is tised to ascertain the 
weight of hliwk oxide of copper required to convert 10 grammes of 
hydrogen into water. 

It). Di'scriU’ the Isdiaviourof metaK*« on wnt*r. (Jive some of the 
pro|H rties vd vsutt r. 


vnWTEB VII. 

Nati h.m. Watkus. 

•MV Rain water, — Hiiit)-\vatt‘r is i)ir purest form of 
wattT occurring in imturc. By the sun's licai, the water 
of rivers, lakes mul ooean'> is evnponileil, aiul ascciuis 
into the sky in tlit* tonn of vapour or invisible steam. 
At a certain luMght, ihost* v.ijx)urs rosirjf; their heat he* 
come convcricil into \ isii>lt* ciunds winch are carried l)y 
the wind all ovtu* the ^IoIk*. When these clouds meet 
cold air. they are condensed and fall down as drops of 
min. liain-water is llierelore tlisiHUd irafer. 

Uaiti -water, however, differs from distilliHi water in cont 4 iito 
ing a atinUI <juantity of air and earbonie a<‘id gas dissolvisi in 
it during its paastige through the air. But both distilled watc^r 
and rain-water leave no residue when evajkorated. and at once 
produce a lather w ith soap solution. The presence of carbonic 
acid gaa In rain-water can be ahowm by the Hiue-water tcet. 

54. Spring* water. — Spring* water is rain water which 
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has passed throui^li soils and nniks. Thus, it contains 
several substances and j»ases in solution. According to 
the nature of the soil through which the water passes, 
spring- waters may contain in sn.all or large (jiuinlities 
one or more of the following substances : common salt, 
chalk, gypsum, magnesium carboniit(\ and Kpsom salts, 
Furtluir, nearly all springs contain a vtuy small quan- 
tity of silica or saiel in H(»lution. Silica (SiOj) dis- 
solves in hot water corjtaining an alkali, such as potash 
in .solution. 

The waters of Itnvn-wells generally e«>ntain also tnic<m 
of organic matter. afniiKutia, more* or less of the TiitraU's 
and the unhealthy tiitritesof calcium and of sodium. 

Sjiriiuj or river (''nter dintinffuitihvii from rain-i**aifr, 

M. — Ituil down ^onn- rl^ar sprinitj or filterml river 
water in x cloun porerluin di.Hh >.o a.** to di i\e otT all thf wat<»r. 
W’l* shall always find that «<»»«<• rpMuluv is left. Hod 

down distillod wjiter. So aolitf rvrulun will ri'ijiain. 

55. River* water. Hain -water flowing on the sur- 
face of the earth and gathering into large c|uantitieK forms 
river^watvr. As it di.ssolve.s and washe.n away many siih- 
stances from tin* soil, when flowing over the surface, it 
i)ecomes more and more impure. 

The nature and quantity (»f the* iinpuritieH depend upon 
the nature of the soil through which the river imsHcs and 
on the kind of organic matter derived from surface drain- 
age. Water (as of the l>ee in Scotland) passing through 
granite and other hard rocks cannot take up in solution 
any substance! and is nearly pure. Water flowing over 
rocks of chalk (as of the Thames) or of gypsum (as of 
the Trent), or of hods of rock-salt contains these sub* 
stances in solution. 

Suspended impurities are also found in river-waters. 
These consist chiefly of clay, sand, animalcules and organic 
matter such as tissues of vegetable and animal matter. 
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So river-water is turbid and is always found to be full of 
muddy particles. It can therefore be easily distinguished from 
spring-water, which is clear and free from muddy particles in 
suspension. 

5G. Oricanic impurities in water tested. 

Kjrpt, 45.-- Add a few drops of sulphuric acid to such water. 
Then T>our some potassium ])muanganute solution into it. 
The colour of the solution will b<* foiind to change from purpk 
into dull-red in an hour or two. 

/)7. Drinking^- water. - For drinking purposes, water 
should iHi obtained from as pure a sourco as possible. It 
should lie clear and colourhjss, and as free as possible 
from organic impurity arising from sewage contamination 
or contact with decaying animal or vegetahli! matter. To 
secure this, drinking wuUt shonhi he Ijoile.d and finally 
filU?red. 

The trUpot fitter arrang«Mm>nt should he used in every 
household which desirt's wholcHome water f»>r drinking. It 
consists of three earthen pots, one above the other in u sUiiid. 
The lowest receives the filtered water. In the other two pots 
are nuvde thn’e or four small holes in which pieces of straw* are 
insorUnd. The topmost conltiins \v<‘lh washed river sand and 
middle one, mixture of elean suiul and fresh chivrcoal. 

Boiled waU'r is lamred in the top-niQst pot Most of the 
impurities undergo decomposition by the Ixtiling and are thereby 
rondexwl honuless. while the suspended iiupuritieB art? kept 
back by the sand. The oxygen encased betwetm the grain.s of 
sand and conUtined within the |H>res of the chareoiU further 
tu^ts U|K>n some of the dissolved injurious matter and oxidixes 
thein into harmless com)K)unds. When the water fulls in drops 
through the air from the first pot the second and from the 
second to the third, some air gets dissolved in it. This completes 
the decoin jKJsiiion of dissolved organic matter and to a great 
extent restores to tlie water the tasU* it had lost on being boiled. 

Not«.-“^The sand, tlir nieces of straw, and the charcoal shon'd be 
renewed as often as possilde, and the pot^ well cleaned and dried 
at Umea 
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5B* Sea- water. — Sca-water is the most impure water louncl 
in nature. This is owing to the sea constantly having dissolved 
and suspended matter carried into it from the land» and pure 
water being carried away bv evaporation. 

Sea-water is largely loaded with common salt. It also contains 
a large number of other salts such as magnesium chloride, 
magnesium sulphate and calcium sulphate. 100 grs of sen* 
water contain about grs. of common salt ; while other sub- 
stances in solution amount to only ,v, of a grain. 

Teat for salt water. -hJitpi. 46. — Adtl a few dnips of Kilvcr 
nitrate solution to sea water or water containing the Kliglitest 
traces of common salt. The liquid heeomes milky, a white 
precipitati? of silver chloride Iwitig foriiie<l. 


Common salt. 


Silver 

nitrate. 


Sliver 

ihlondi*. 


Sodium 

nitrate. 


NuC‘1 -f ;VgN(l a*. AgCl f NaNC.,. 


^)0. Hard and soft w ater. Water is said to Ik* hurr/, 
W’hen soap do<?s not at onrf form a lather with it, but a 
KiKliment or curd is produced. It is said to be mtft, wdnui 
it readily forms a lather or froth with soap. liain water 
and distilled waUT art; soft ; whik; .S(‘a- water, mont .spring 
and river- waters are hard. 

The chief causi! of hardness is the presimce of tin* salts 
of calcium or the salts of rimgm*sium. such as chalk 
(CaCOa), gypsum rCaSOi), Kpsom sails (MgSO* ) and 
magnesium carbonate (MgCOj) in solution. 

6 (). Test lor hardness of water. 


Empt. 47. — .Add u few drops of clear iwiup Holution to a Hfirei* 
men of water and sliake the liquid. If m eiird or precipil«it<* ih 
produced, the water is hard, but if a luth<>r )«< nt onre formed, it 
is soft. 

It should he rememlHired that, if a sutlicient quantity 
of soap solution is added to hard waU;r. a froth will ulti- 
mately appear. Soap solution is mode by shaking up a 
few snaviDgs of soap with hot water and tilteriDg %hv 
solution. 
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61 . The hardness of water is of two kinds. 

(i) Temporary hardnegs of water is chiefly caused ^ the 
presence of chalk or magnesium carbonate in it. These 
salts are insoluble in pure water but dissolve to a con- 
siderable extent in water containing carbonic acid gas in 
solution. 

River and spring- waters generally contain chalk in 
solution, because rain-water which chiefly constitutes 
them has carbonic acid gas in solution. 

48. — When we blow the expired air into stnue clear 
liniO'Waii'r, it hecoiiiH milky h> the fornmtion of chalk ; but if 
we continue to blow for about five mmiit(‘K, the milkincsh bepns 
to disappinir ai»d the water hee<inie.K clearer, the? precipitated 
chalk jjreatly dis«olvin>; in the water containing earhon di<oxidc 
in solution. KilttT the li<{Uid. The clear solution will he found 
by the soap test to be cpiiU* bard. 

(ii) IWmaitrnt hardnciti of water is caused by the pre- 
sence of gypsum or Kpsotn salts. 

02. Methods of softening hard waters. 

(i) The Ictnpunu v hard water beemnes soft, if it is 
deprived of the curlK)ni(‘ acid gas which holds the chalk 
or the magnesium carbonate in solution. This is done in 
two ways : 

( a ) Jff »/ hoiliny th*' water, 

(f>) Ity addhttj Umr-water 

Kept, 4U. —Hoil s»une hard chalk water in a f!a.*«k. All the 
carbonic acid gtix which holds the chalk in aohiiion will be 
driven olT, and the chalk is thrown down as a white jK>w'der. 
Filter the lioiltHl water. It will Ik* found by the Hoa|> teat that 
the w*aU>r is no longer hard hut ht%s becji sofU^ned by boiling. 

Note* — The crust often found at the bottom or aides of kettles 
and boilers is simnly the deposit of chalk which slowly separates 
out mi Ix^iling hard chalk water. 

StirpU 50. — Add aouie Utue- water to hard chalk- water. The 
lime combines chemicallv with carbonic acid gas present, form- 
ing chalk. The water, deprived of carbonic acid gas, can now 



HATUB4L WAT»E8. 


48 


Tl.] 


no longer hold in lolnlion the ohnlk ori^nlly oonlnined la il» 
and thui aleo ie precipiiaied. 8 o Ihe waier b^mea aoll 

Lime water. Hard chalk water. Chalk. Water. 

CaO. 2H, 0 + CO, 4^ CaCO. + H, 0 - aCaOO, + 8H, 0. 

This latter method is usually employed when bard 
chalk*water is to be softened on a large $raU. 

Nole.->A iioluiion of caustic potash may bo used instaad of lime* 
water, but caustic potash is more costly. 

Hard chalk water. Caustic Soluble /usoluble 

potash. potashes, chalk. vvaier. 

H,0 4- 00^ 4* CaCO, 4 2K0H — K,CO, 4- CaCO, 4 - 2H,0 

Caustic potash oombines with carbonic acid to form potassium 
oarbouato ; ibis remains dissolved iu the water. The chalk Is prs* 
cipitated, carbonic acid holding it no more in solution. 

(ii) Hard gvpsum water cannot be Hoftonod by boiling 
the water. Hence it is called ]»ermanent hard water. 
It is softened by the addition of washing soda (Na, CO, ). 
Washing soda acting upon gypsum produces calcium 
carl>onate and sodium sulphate. The former is removed 
by filtration ; the latter remains in the water, but doea 
not make the water hard. 

Gypsum. WaslyngHods. Chalk. Sodium Sulphate. 

CaSO, 4- Na, CO, - CaCO, -f Na, 80. 


Queatlooa. 

1 . What is the purest form of water found in nature ? How Is it 
formed ? 

a. What reasons have w« for saying that rain-water is distilled 
water f 

• S. Mention the principal substances which ordinary river 
water contains in solution. What substances narticularly Injurious 
to health often ocjcut in the river water or shallow wofl.water of 
towns? Describe some simple process (such as could be used in 
any honseliold) by means 01 whioh such dangerous waters could be 
mida safer to drink. 
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4* How do rain-watrf'r, Bpring-water, river-water and *4ea-water 
dirtiir from each oth»T ? Dow ritic any «imple experiments by which 
they may ho idon Lilted. 

ft. WViat arii th»‘ ( jitial fiualitirs <•( good drinking water ? 

• G. divt' two l-i'sti iiv which dihtilled w'uter can hi; distinguish- 
ed from ri\rr or w*-]! wut« r. 

7, ll<»w rnn you tell wdu thcr a \vat« r is * 8<dt ’ or * hard ’ ? State 
the ronstitticntH l'.> which the temporary and perinancnt hardness 
of water arc respect ividy due. llnw an- hard waters >o{tened V 

• H» Bva-water and rutii water arc .ku-paratcly (/i) mixed with soap 
wdutitm, ft i nuxed with silver nitrate sululntii, and (i ) evaporated 
Btute and explain \shnt happen in each c-'iv*-. 

y, I'ixplain fully what takt s piace (1) when a current of carhftn 
di oxide is pa^sejl thi«.UKh !in»« walt-r. (2; when soap s«dution is 
added to liard water. 

• 10, I'.xplain fully why some liaid wati-rs an> >cftciuxl hv iioil 
ing, while others are nol, 

11. Kx| dain the eircunistune<-s under which th<’ addition of (a) 
washing siuia, (^<) linn* watei rendeis a water soft, and st.ate w^hy 
they do so. 

VA, Calculate the weight of silwr nitrate re«|nin d to pret ipitute 
ftO grs. of ('('iiiiUitn salt in Hdutioii ; aKo th< weight of siUcri hloridt- 
produccMl hv the re-acti<*n. 


('HArTJ-K VIII. 

OXYtiK.N : Stfinh. O; At. H’f. W. 

r>3. Occurrence. Oxygen is a nus. and exists hnth 
ftrr and comhiyuti. It is the most abundant and widely 
distributeil elettient in nature. In the free state, it occurs 
in the atino.sphere tnechanically mixed with about four 
times its volume of tiitrogen. Combined with other ele- 
ments, it constitutes eight-ninths by weight of water and 
nearly one-half by weiglu of the earth’s solid crust. 

64. Preparation. — oxygen is got by heating red 
oxide of mercury or chlorate of jK)ta8h, or by the electro- 
lysis of water. But when reauired m a large $cale, 
oxygon is obtained by heating cdilorate of potash mixed 
with black oxide of manganese. 
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51 . — Put II littlo i»f tho powdiT calleci ri’ii oxiiio of luer* 
curv in ti Imri! lul)i* tittctl with ti rork mol it ih’livory tutu*, 
aiul heut it m llo* fhmi<' of »i Kj.iiit Imiij*. Th»* r<’«l |><nv<h*r hiht 
ihtrkeiis in ( ohmr ami tlu n il» <*ojn| o^r<l hv thi* nrtion <*( brat 

into liKT^Mia V un-l n. ’I'h** i v^hi .l nuiv hr roh 

<»\ M‘ watrr in th* ptn niiiato' ; v\hilr th* nniini'Y 

rornhtnso'' in tin* form <•! n| xjIi the n'olrr 

I'iO tS itf tiu' tuin' in 'i'lr. 

Mrrrurn- n\i(h-. Mrrt'nr\. 

‘ill-o ‘.Jilt: f <>, 

‘2 i ItW Ih'O . o2 

Note I. *! ni‘*l«< »!• ' < ( lli» *<vnh arr lak* t» ac to ^'n t tin 

riitirr iiii-ifi ulr of <<v;>K' n. 

Note 2 , ' f I'-irts !•> %%• U'ht of in»-t< in i« nxiilr uhn h in 

\iTv ( o-»tly, \vr t only \\« lyhi ofM\\i;tn, H* »*« ♦ dmi 

no'lhoti Will l*« fouiol tii Ik \* rv < x|»« n.’-i\« . win r»' o\\j'* ti ih ro«;!iift il 
t-n ii lnf>;o M’jih . 

(ii) I’iH' jnniHtso*^. oxy^'rn i‘' host pn imrnl 

by hcatin;^ a mixture (»f jiotasHinin oliloratr ami black 
o.xidc uf nianpinoM'. 

/vV/^/. o'i, T»ikc srniir pouihn «1 » lilonitr of j otat h un<i mix 
it with cncaij'ii fuancant sr tit oxthr to niako il liho K. (irntijv' 
boat ihr nnxtnro in a, thii^k fnrni^lnd witha. i '»ik and a lon|^ 
tilbr, I'nla-sium ( lijorat,** <h « <nnf 'r-t <1 into ox\e*n and 
juitasHiUMi rhlorith'. par. a?i it » i-raja k at Um: omi of Uio 

tnlK*, niav Im' rf»lh <‘t<<l ov< r ualrr m lln troiiph. 


2KCl(), -f Mn<>. « ‘2 K( I -f MnO, .f. iiO, 

Thcj black oxide of rniinj^aucHo i.iiider^n;OH no change 
whatever, but merely helps the ilecoinpowilioii. When 
chlorate of fxitash is heated alone, il utidergoen decompo- 
sition at a high tenijKrature of ali^mi l(X)"C. 

Nate. -If chlorate of {Kitaub or r#‘<l o*i<]<f of nwreury or any 
«uib«Unoe which givi-n up oiygeu tc heated with carUm or hydrogen, 
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the liberated oxygen combiner with that element to form an oxide. 
Thue, 


aHgO 

+ 

c — 

2Hg -f 

CO, 

HgO 

+ 

H. « 

Hg + 

H*0 

2 KCIO, 

■f 

3C — 

2KC1 -f 

SCO, 


65. Properties. —1. Oxygen is a colourless gas, hav- 
ing no taste or smell. 

2. It is slightly heavier than air, its Sp. Gr. being 1*1. 

3. It is slightly soluble in water. 

4. Oxygen is a supporter of combustion and is not 
generally combustible. 

5. It is the only gas which can support respiration 
and consequently animal life. 

6. Oxygon is remarkable for its great chemical 
activity. Even at the ordinary temperature, it is able to 
combine with such elements as phosphorus, potassium, 
sodium and iron. At high temperatures, it combines 
with all the elements except fluorive, to form oxides. 

7. Substances which slowly burn in air burn in 
oxygen with increased rapidity and brilliancy. Many 
substances that do not burn in air burn with violence in 
oxygen. 

Kapf. 55. — Plunge a burning candle into a jar of oxygen. It 
burns with an incrcai^ed brilliancy, producing steam and carbon 
dboxidc. 

54. — A Btuall quantity of sulphur, melted and allowed 
to burn in a spoon, bums in oxygon with a brilliant blue dame 
forming sulphur di* oxide (SO,). 

Empt 55. — Ignite a small piece of dry phosphorus in a spoon. 
Pass it into a bottle of oxygen. It burns with dazzling 
brighinesB in the gas, forming white fumes of phosphoric 
anhydride (P, O,). 

EwpU 56. — Introduce a piece of red-hot charcoal into a jar 
of oxygen. It bums brilliantly in oxygen forming carbon- 
di -oxide. 
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Smpt, 57. — Take a fine iron-wire and dip one end of it into 
melted sulphur. A little of the sulphur will adhere. Now 
ignite the sulphur, and while it is burning, pass it c|uickly into 
a jar of oxygen. The burning sulphur heats the iron wire 
to redness, and then the iron itself comnienceB to burn 
brilliantly, giving out sparks of iron oxide (FisO J. 

Test for oxyicen. — ..I red^hnt tfpl inter oj irmu/, intro* 
daced info ajar of o.nj(jeny immediatrly bursts into flame. 

Note.— The uses of oxygen dissolved In w'ater. 

(«) Tim oxygen disw^lvc'd in water serven for the breathing of 
fishes. Fishes pass the water through their gilis and take the 
dissolved oxygen for breathing in. When the water is boiled, the 
oxygen is driven out. Hence a live-fish ploc'od in water boiled and 
cooled without exposure to air, di«*H from want of oxygen. 

(Ii) It gives taste to the spring or river water. Boiled water is 
insipid. lx*cause the oxygen has Imen driven out. 

(r) It deconj[K»HeH vegetable and animal inipiiritieH that aro 
generally present in river or canal waters and forms with them 
harmless eornpounds. Thus, it mak(>s running water wholesome. 

6t). Metals become heavier by oxidation. 

Expt, r»8. — Dip the ends of a horse-Hhoe nmgnet into iron 
filings. Thene will stick to the magnet forming a kind of sumll 
brush. Hang the magnet to on<* end of the beam of a balance, 
and counterpoise it bv weights at the other. If we now set fire 
to the tiling.s, they will burn, combining with the oxygen of the 
air to form iron-rust or oxide of iron. And the rust will bo 
found to b<.‘ heavier than the filings. 

E,tpt, r/J. — Weigh a small quantity of mercury. Heat it in 
air nearly to its boiling UuniMTuture. It will gradually change 
to a red powder. 1 f the powder ia now weighed, it will bo aeon 
that it w'eighs more than the shining mercury, having com- 
bined with the oxygen of the air. 

67. Oxygen and Hydrogren compared. 

(i) Points of similarity. 

Both are transparent, colourless, inodorous gases. 

(ii) Points cf dissimilarity. 

1. Oxygen combinea easUv with carbon, fiulphur, phos- 
phome, and iron. It is a difficult matter to get any of these 
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olemeniH to combine directly with hydrogen. Fm-tber, sub- 
staucoH which combine readily with hydrogen do not combine 
readily with oxygen ; c. f/., fluorine, chlorine. 

2. Oxygen i« Ifl times as heavy as hydrogen. 

8. Oxygen is asup[)orter of combustion and animal life; but 
hydrogen is a combustible gas and does not support animal 
life. 

4. Hydrogen is less soluble in wiiter tlian oxygen. 

OH. Ozone (O.j)* — Oxyg<‘n Kometimos appears in a 
inodilied h)rm called ozone. 
When an (dectiic machine 
is at work, or wlnm an object 
is struck by lightning, the 
smell of ozone can be noticed 
in the vicinity. 

Ozone has a strong and 
raither un[)!»*aH}mt smell. It 
is more active tiian o.xygen. 
Most imdals — ev(*n mercury — 
are at oiuHi acted upon by it. 
It bleaches vegetable colours, 
and rapidly destroys organic 
matter. It contains in its 
molecule three atoms of oxygen, whih* oxygen contains 
only two. 

Gl). Metals may be recovered from their salts ; or 
earthy substances contain metals. 

Krpt. 00. — Dip the (dean blade of a knife iu a solution 
of copper sulphate. The blue liquid lostfs its colour and 
the blade gets coated wdth a reddish brown )>owder of metallic 
copper, wiierc it dipped in the liquid. Here, the iron di.splaces 
the copper, atom for atom, forming ferrous sulphate. 

B)u»»lone. Iron. Iron »ulphal«. Copp«r. 

CuSO* -f Fe FeSO* + Cu. 

KmpL 61 .— Take a solution of lead acetate, commonly called 
sugar of lead. Allow a bit of sine to hang in the liquid 
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for some hours. An exchange will take place between the two 
metals, 9:inc dissolving in the acid to form x.ine acetate and 
an equivalent weight of lead being set free \u bright crvatala. 
This will he deposited on the remaining zinc, fomiing a tree- 
like growth called the lead-tree or the tree of Saturn. (Fig. 10.) 

hJjtpt, 02. — Take some solution of silver nitrate in water. 
Add a few drons of inereurv to it. A Kilvt*r tree will grow 
round the inctal in a few days. 

Questions. 

• 1. Dosf'rihe two differiMit methods f<jr pn'paring oxygtm. To 
whi'.di would you assign th<* prehTcuet' for (u) cheapness, (h) rapidity 
with whieh the gas is evolved, and (r) purity of tlu' gas «d>taine(l ? 

• 2. Mention the chief properties of oxygen. How is it enllect- 
ed ? What is its t<et ? 

d ICxpliiin the uses of oxygen dissolved in wat(^r» 

1, Doscrilic experiments to prove that 

(</) Substances IxH’ome heavier by oxidation. 

(#/) Suhstanees which do not burn in air burn in oxygim. 

• 5. Hescribe what takes place, when (a) rod oxide of mercury 
i-* he.atixi in air, (f.) a burning candle is bmugnt into a jar of oxygen, 
(r) (rhlorate of potash is heated. 

• r>. If a watch-spring w<'r« burnt in a closed vessel of oxygon, 
would the weight of the veKsel and its contents Imj altered by the 
combu.stion ? (iivc r«*aHons for your answer. 

Ans. The weight of the vess^d after combustion will Ih) the aamc 

before. .\ll that ha« taken place is chemical cfunbl nation ho- 
twean the watch spring and the oxygon inside the dosed vchhoI to 
form oxide of iron, which also remains within the vcH«eI. Since no 
new substance has come into the vesad, nothing ha.H gone out of It, 
and the weight of a compound is exacrtly equal to the Huni of tho 
woighU of tho constituontH, tho veaael weighs neither more nor lean. 

7. Why do aubstaiicos not bum as actively in tho air as they do 
in oxygon ? 

Ans. (fl) In air, every molecule of oxygon is surrounded by four 
molecules of inert nitrogen ; so loss surface is exposed to the action 
of exygen (6) Part of the heat of tho burning material is Kpent in 
raising the temperature of the nitrogen molecules. 

B* Calealaki the weight ol the sohstanoes formed, when 100 os, 
of potassium chlorate is heated in air. 
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0. lo what oth«r form doei oxygen exist ? How does this fonn 
differ from oxygen ? 

• 10. State how the following substances are prepared and men- 
tion some of the properties of each : Mercuric oxide, lime-water, 
quick ‘lime, slaked-lime and caustic soda. 

• 11. What takes place when (a) a piece of einc is placed in a 
solution of lead acetate, (b) a piece of iron is dipped in a solution of 
bluestone> 

• 12. A piece of iron when placed in a solution containing copper 
sulphate precipitates copper. Name the new compound which is 
formed during the inter-action. Assuming that 20 grammes of 
copper have been precipitated, calculate the weight of (o) the copper 
sulphate which has bc*eu decomposed and of {h) the new compound 
which has been formed. 

• 18. Iron precipitates copper from solutions containing the 
latter metal. What compound is formed when a plate of irou is 
placed in a solution of copper sulphate ? Write an equation for the 
change which takes place, and calculate the quantity of the com- 
pound referred to which can he obtained from 1 lb. of the copper 
Mdt. Fc •• 50 ; ('ll « 03-5 ; B 82 ; 0 «« 10. 


CHAPTER IX. 

Cakhonic Acid Gas (CO*.) 

70. Occurrence. — Carbonic acid gas is also called 
carbon dioxide and sometimes ca,^Donic anhydride. 
Miners call it choke-damp or after-damp. It occurs free 
in air. It is also found in the water of many springs, al 
the bottom of old wells and coal mines, and is evolved 
from volcanoes. It occurs combined in chalk, lime-stone 
and gea-sbells. It is always produced when organic sub- 
stances decay, and when substances containing carbon 
bam. 

71. Preparation of Cartionic acid gmB*--Empt. 68 . — Taka 
a few piaoes of chalk, lima-atone or marble. Put them into a 
flask fitted with a cork, bant tube and tube-fonnel. Ponr some 
dilote hydroohloria add down the fnnnel. The chalk dtaeolves 
in the amd forming oaldnm chloride and water ; while carbonic 
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acid gas escapes in bobbles snd is collected hy downward dis* 
placement. 

Chalk. Hydrochloric Carbonic Water. Calcium 

acid. acid gae. chloride. 

CaCOs -f 2HC1 = CO 2 -f II 2 O -f CaCl* 

All carbonates, when treated with dilute hydrochloric 
acid or sulphuric acid, liberate Carbon dioxide. Many, 
such as limestone, liberate it when heated. 


Potashes. 

Hydrochloric 

I'otuKsiuni 


t’.arbon Water. 


acid. 

chloride. 


dioxide. 

K2 CO3 -f 

2 flCl 

2 KCl 

•f 

CO 2 4" 1130 

Ca CO3 -p 

II 

0 

CO 

Ca SO4 

■f- 

CO2 -h II2O 

Limestone. 


Lime. 


Carbon dioxide. 

Ca CO3 -f 

heat 

CaO 

»f- 

CO2 

Note. Lime 

iV di^fferent from 

hmt'stitne 

(1) If we pour a«?i(1 


upou lime, bubbleh are not given c.»ll ; it bun ihen foru no < »irb<mic 
acid ga«. (2) If wi* pour water it. w<* noti< t' ih« Kolid MubHluncc 
falltt to p<»wder and b<H*onieti hot enough t<» make tin* wiit< r boil. 

Lime. Water. Blak«*d lime. 

CaO -f- II 2 O (11(011;;^. 

72 . Propcrtie5.- -(l) Carbon di*(»xidf Ih a coiourlens 
gas, having a feebU* acid taste and a faint 

(2) It is l o times as heavy as air ; hence it is prepared 
by downward displacement, and can be poure<l from one 
vessel to another like water. 

Kmjit, fV4. — Take a jar of carbon di^oxide and pour it down 
over a burning candle. The caridle \h extinguinbed as the gas 
falls upon the tlaiiie. 

65. — Balance an open gla^K vchh#*! on a pair of setdes, 
and tnen pour into the glass carbonic acid gas. The weight 
increases as the eir is displaced by the carbonic acid, thus 
showing that carbon di oxiefe is denser than air. 

Note. — A gas is collected by downward displacement (Fig. 23). 
whmk it Is cottsidarahly heavier than air. The end of the tube con* 
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filleting tho gas U brought into a bottle, placed mouth upwards. 
Tbo issuing gas, 1km ng heavier, falls down to tho bottom of the 
voHHol and fills it, displacing tho air. 

(3) It is inodorately soluble in water, and is readily 
absorbed by caustic soda and caustic potash. 

(4) It is not a combustible t?as, nor a supporter of 
combustion or animal life. 

Note. - ~Ojirl)ojj di-ox ido docs not burn, because it already holds 
in tM)uibinutiou all tin* oxygiMi it bus the power to combine with. 
Ibdorr it can Inirn again, it mu.*a be decomposed. 

(5) It put.H out a burning' taper, and turns limowater 
milky. (This in (hr test for carbonic acid g:as.) 

(b) It is deconipos(‘d by ied*bot potassium or burning 
magnesium wliioli unites with tln^ oxygen and sets free 
mirbon as ,s(»<»t. 

2 Mg -i- c;0, . 2MgO -f C. 

7>i. Carbonic acid. — A solution of carbon dioxide in 
water is fe,rbly acid, turning blue litmus to a port- wine 
i'imI (!ol()ur, whil(5 the stronger acids turn it scarlet rod. 
IMiis solution may be regarded as the true carbonic acid. 

(’ar 1 km lie Water. Carbonic acid. 

aiiby<iridt', 

COa 4- HaO H. CO 3 


The solution (HaCO.d acts upon basic solutions and 
forms salts called carbtmates. 


Carbon dioxide in solution. 


Caustic 

potash. 


Boluhlo Water, 
potashes. 


CO 2 + Ha O -f 2KOH K 3 CO 5 4- 3Hj O 


Carbouio acid. Slaked lime. 

OOs 4- Hj O 4 - Ca (OH)* 


Insoluble Water, 
chalk. 

OftCOs + SHiO 
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The acidf (Hg CO.^) is so unstable that it breaks up into 
carbon dioxide and water. 

74. Composition of carbon dioxide. — When car- 
bon is burnt in oxygen, no change of volunu^ occurs, and 
carbon dioxide is tluu'efore said to contain its own volunu* 
of oxygen. Again, if a known weight of pure carbon 
such as graphite or diainoml lie burnt in oxygen, and tlie 
carbon dioxide fonned be weigbe<l. it will be found that 
12 parts by woiglit of carbon unite with .‘12 ]>nrts by 
weight of oxygtvn to form 11 parts by wi'igbt of (rarbi)n 
dioxide {CO’j}. 

75. Carbon mon-oxide (("O), or rarh<niir tKiidr. 

(i) Prt^pamtim . — When carbon di-oxIde is passed over 
red-hot cluircoal, iron, or zinc, carl)onic oxide is formed. 

Carbon di-oxid*:. (.'hareoal. (!arl>oi»ir- oxide. 

C()2 4- C 2 CO. 

iron. CarlKMi di-oxide. Iron oxid<‘. Carl>4*iiif oxitlo. 

Fe -f- CO 2 k\‘ O i CO. 

Note. — If steam lx‘ (»\'T over red bnt ehart:oal, oarlxni mon- 

oxide and hydrogen will lx* form<*d. 

112 o -f c - CO ^ 

(ii) VroytertivH, ~—[V) Carbon monoxide is a colourless, 
la3tcles.s gas, having a faint disagreeable snuill. It is 
very poisonous, when breallusl. 

! 2) It is almost insoluble in water. 

3) It does not sup|X)rt combustiorj, but burns in air 
with a pale blue flarne. 

(4) At high temperatures, carbon mon-oxide lias a very 
strong attraction for oxygen, and is hence a good rtglucing 
agent. 

CuO -f CO «= Cu -f COj 
t For the explanation of the term» acid, bate, Ac., vuU Chap. xiii. 
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Note. — A retfucing e|:efit is a substance which, ocmbining 
with the non>metal of a mineral, leaves the metal in the pure state. 
For example, when hydrogen is passed over heated copper oxide or 
Iron rust (FeO), it combines with the oxygen to form water and 
loaves the copper or the iron in the metallic state. 

Questiona. 

• 1. How is carbonic acid gas prepared ? Give its chief proiKTties. 

• 2. How would you use a chemical equation to ascertain the 
weight of chalk required to prinlucc UX) lbs, of calcium chloride ? 

• 8. What gas is formed when hydrochloric acid acts upon chalk 
or marble ? How much of this gas by weight can b<! obtained from 
1(K) lbs. of either of thew materials? 

4. How is carlmnic oxide prepared? Ily what other name is it 
called? Give its chemical formula and chief proiwrties. 

• 5. What weight t»f earlionio acid gas is obtained by burning 
60 grs. of earlion and what weight of o.xygeri by heating the same 
quantity of mercuric oxide ? 

• 0. What di) you see when hydrochloric acid is jKUired on to 
chalk ? Ueprew‘nt the ehernical change by an e<iuation. 

7. Distinguish h<‘tween “colhu ting a gas by upward displace- 
ment ” and ** ctdU'cting it by dowinvard displacement.” Give two 
diagrams illustrating your annwer. (8ee Pigs. 21, 23). 

8. How would you easily distiuguish betwetui lime-water and a 
Holution of cauHtic potash ? 

Ans. (rt) The former is slightly alkaline ; but the latter strong- 
ly. (b) If carl>on dioxide is passed into the fonner, a white pre- 
cipitate is formed ; if inU» the latter no pre<!ipitate. 

• y. How is lime obtained from chalk ? Hy what tests can lime 
bo distinguished from chalk ? 

10, Why does carbon di -oxide not burn? How would you 
ascertain its composition ? 


CHAPTER X. 

Coal and Coal-oar, 

76. Coal is a natural variety of carbon less pure than 
ivood charcoal. It consists of the remains of {Hants and 
tre^ which once flourished on the earth's sur^me but 
which have become altered, having been buried under 
the earth for ages. 
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Proof of the vegetable origin of coaZ.— (1) If we go down a 
coal pit, we shall see the roof and floor of the passages oovered 
with impressions of leaves and other parts of plants. (2) If we 
slice a piece of coal very thin« W'o see in the coal itself marks 
which show that it once was all vegetable matter. 

Composition of Coal. — Tho chief constituent is carbon ; 
but it also contains a small quantity of hydrogen, oxygon 
and nitrogen. Besides these, there are certain mineral 
impurities of which iron pyrites (Fo8,) and potassium 
oarl>onate (K, COi) are the chief. 

Coal contains carbon . — bJxpt, 66. — Burn a picci* of coal iti a 
open voHscl and pour a little lime-water in it. The lime-water 
at once turriH milky, showing the formation of carbonic acid 
gas wdiich is composed of oxygen and carbon. 

77. Varieties of Coal."-(i) Peat, (2) Lignite, (3) 
Anthracite, and (4) Bituminous coal Of those the last 
two are the most important. 

Anthracite coal is very hard. It is of an iron black colour 
W'ith a semi -metallic lustre. It takes 6re with great dilhculty, 
and bums with very little flame giving off no smoko. It con- 
tains upw’ards of 90 per cent, of carbon but little volatile 
matter. This kind is much used in steam engines and for 
melting purposes, where great heat is reejuired. 

Bituminous coal ie very soft. It contains alK)Ut 79 per cent, 
of carbon. This is never burnt completely even in the open 
fire. It is much used in the preparation of coal gas. 

78. Burning: coal in open air. — If coal is burnt in 
open air, its constituonts mostly combine with the oxygen 
of the air; the carbon is converted into carl>on di-oxide 
and very often into carbon mou -oxide which imparts a 
smell and a blue colour to the flame, the hydrogen burns 
into water, the nitrogen escapees chiefly as a gas, and some 
incombustible and non-volatile ash remains. This ash is 
composed of the saline and earthy residue such as potash, 
silica, potassium chloride, magnesia, iron oxide, Ao. 
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79. Burning coal in closed vessels.! — When coal 
is heated to a hiji^h temperature in closed vessels provided 
with a delivery tube, its constituents, cliemically acting 
upon one another, form Coal-gas, tar, airnnonia, water, 
hydrogen s(ilpliid(^, carbon di-sulpbidc and some other 
volatile bodies ; while a residm* of grt-y impure carbon 
called coke is left behiiid in tie* vessel. 

80. Preparation of coal 

Hrpt. (»7. — I’lit sonic coal'iutw tier into the howl ol a coniuioji 
long tohacevi pipr and I'uvcr tic* top with nnhst clav. After the 
clay is vv(*ll dried, heat the hi»wl of tin* ]‘ipe o\ <*r tl»e tlunie of 
a spirit lamp. In a short time, a yellow snuike eofisiKting of a 



Fig. 17. 


mixture of various vapours willeoiiie out at the end of the pipe. 
This smoko will burn with a bright Hamc? when lighted. liut 
the flame will he unsteady. If the end of the pipe is pushed 
under water and the gas is collected in bottles under water, 
moat of tl»e impurities will dissolve in the water, and coal gaa 
is obtained nearly pure. 

In gas-works the coal i.s healed in l arge iron retorts 
and the gas is collected in enormous gas holders made of 
iron -plate. 

t The procoHa of heating substances in closed vessels and collect^ 
lug tho products formod is caiiod destructive disiiliation. 
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Nete. — The %mpuritim are : — 

1. Carbon di-uxido. 4. Ammon in. 

*2. Hydrogen sulphide. 6. Coahtar. 

3. Carlnui di-^nlpliide. | 0. Vupour of wittn . 

The tar oontain'^ a i:nat viin«'ty of suhstanei**.. from K'ini’ of 
whic'h tho tiniluj*- fol4*iir>.. many*- and magtnta are 

prepareii. 

Hi. The chief cotivatituents of coal fcas i\rv ; 

(a) lUumittatinij r/a.so.v 

H) Kthyloru^ ii\ H^). 

( 2 ) .Xcrtyleno H.^). 

(M) Hen /.one 11 ^). 

Th(‘se liy<lro-earl)ons ini|»arl lu i^dilin ss to tin* flanie, 

(70 //enZ prtuittriiifj (/.kk* % : 

(1) llyilrugen. 

( 2 ) Carbon nioii*oxi(le. 

(‘0 Marsii piH, 

Th(‘se burn with a Jion-ltiininous flaine but produce 
much heal. 

Thus, w(‘ see that coal f'as is a mixture c/f neveral f^ascB 
some of which an* useful for illuininalin^;, whilst others 
for heating purposes. 

H 2 . Properties of coal gas. — 1 . Coal gas, when pure, 

i.s an invisibh; and coIourJ<‘SH gas with a faint smell. 

2 . It is practically in.soluble in water. 

3. It is H times lighter than air. ilencc it is used for 
filling balloons. 

4. Jt is highly intlarnrnablc, and does not support 
combustion. When it burns, carbonic acid gas and water 
are formed. 

Because of its inHaniiiUibility, coal gUK in now commonly 
used in towns for lighting purposes. 

83. Coal gas contains carbon and hydrogen* 
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E»pt. 68.— {a) Hold a piooe of paper over burning ood gas 
«o aa not to be burned ; it will be seen covered with a black 
layer of soot or carbon, (b) When coal gas is burnt in air, 
carbonic acid gas is formed. This may be proved by passing 
the products of combustion through lime-water which will 
become milky. 

Kmpl, 69. — When a dry, bright, cold vessel is held over the 
dame of coal gas, water is deposited on the inside. 
Hydrogen must therefore l>e present in coal gas. 

84. Explosions in coal pits. — How pro- 
duced and prevented, 

Marsh gas (CH^), called by miners fire- 
damp, issues in large quantities from the 
crevices of coal-pits. This combustible 
gas, when mixed with ten times its volume 
of air or twice its volume of oxygen, forms 
an explosive mixture which takes fire at the 
miner's candle and a dreadful explosion 
occurs, causing the death of the miners. 

The carbon and the hydrogen of the gas 
combine with the oxygen of the air and 
form car)x>nic acid gas and steam, while 
the nitrogen remains uncombined. These 
gases cannot support human life so that 
the miuers die as surely as they do from 
the direct effects of the fiame.f 

Marsh gan. Oxygen. 

CH, -h 20, CO -f- 2H,0 

Those explosions are prevented by the use of Davy*8 
Safety* lamp. This is merely an ordinary oil -lamp 
enolosed within a cylinder of fine wire-gauze. (Fig. 18 .) 

tTha air loft in tho inlno after an explosion is called **afUr 
or ** chok4 damp for persons entering a coalmine alter 
aa exploaioa are suflooated. 



€. 


Pig. 18. 



COAL AMD OOA&-OAB. 


*0 


6ft 


Principle . — (1) A mixlore of fire-dAoiD and Atr tekes 
fire only at a very high temperature ao that a subetanee 
igniting it must be not merely red-hot, but white-hot. In 
short, a mixture of fire damp and air explodes only by 
contact with fiame. (2) The metallic wire-^auze has the 
property of conducting away heat so rapidly that the 
fiame does not pass outside the gauze so as to raise the 
explosive mixture to the point of ignition. 

Actioti. — When a lamp of this kind is taken into an 
atmosphere in which an explosive 
mixture of marsh gas and air is present, 
this mixture coming into the w ire-gauze 
through the uu‘shes makes the lamp 
hum w ith a pale enlarged fiame ; and 
a small explosion also occurs inside 
the gauze, but the flame inside cannot 
pass through. Hence no serious 
explosion takes place. The flickering 
of the fiame and the occurrence of 
small explosions inside the gauze w^arn 
the miners to witlidraw. 

Ho. Wire-gauze conducts away heat rapidly. 

Kepi. 70. — Hold a piece of wire-gair/c close over a jet of 
hydrogen or coal gas.* Now light the gas on the top of the gauzo. 
The gas does n(it burn below, even when the gauze is removed 
several inches above the jet, (Fig. 19 ) 

Expl. 71. — If wc bring the wire*gauze over the flame of 
hydrogen or coal gas, the flame is flattened and does nut pass 
above the gauze. 

Ewpi. 72.-— Pour a stream of burning alcohol on a piece of 
ivire-gauze. The liquid which {msses through does not burn. 

The metallic wire-gauze conducts away heat rapidly. Bt), when the 
burning alcohol is tjassed through the inenheH of the gauze, the 
liquid ihski passes tiirough is cooled down below the temperature 
requisite for burning. 

86. Marsh gu. (G HJ. 
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TbUi gM if so called because it occurs naturally in stagnant 
water or in marshes. It is formed by the decomposition of 
organic matter out of contact with air. It is also the gas 

f roduoed in coal mines and called by the miners fire-damp, 
t is one of the chief constituents of coal gas. 

Pfopefiie$,^(X) Marsh gas is a colourless gas without taste 
or smell. 

(2) It is slightly soluble in water. 

(8) It does not support combustion but burns with a bluish 
flame. 

(4) A mixture of marsh gas and air explodes in contact with 
flame, water and carbon di-oxide being formed. 

Queationa. 

1. What is coal? How would you show that it is of vegetable 
origin 7 Mention some of its uses. 

* 9. Coal, it is said, contains carbon and hydrogen. How could 
you prove tho presence of both these elements in c^al ? 

8. What are tho different varieties of coal? Why do some 
kinds of coal yield more gas than other kinds? 

Ana* Some kinds (anthracite) contain more carbon and less 
hydrogen than others, and therefore give less gas and more coke. 

* 4 . When a piece of coal is burnt in air, it disappears leaving 
behind a little ash. What is the composition of this ash and why 
does it not also disappear ? Which constituents o! tho coal have 
disappeared and how could you prove that they have not been 
destroyed but only changed in form ? 

• 5. What is given off and what is loft behind when coal is 
(1) completely burnt in an open grate, and (2) heated strongly in a 
closed vessel provided with a delivery tube ? 

• 0. How is coal gas prepared ? Mention some of its chief 
propertlee. 

• 7. Describe how you would prove that (a) coal gas is lighter 
than air, and that (t) it contains carbon and hydrogen. 

• 8. Is coal gas an element, a compound or a mechanical mix- 
ture ? Give the reason for your answer. 

9. What is left behind in tho distillation of coal ? What besidea 
gas is given oft in the process? What arc the chief uses of 
coal gas? 

• 10. What is fire-damp and how are explosions in coal mines 
produced by it ? Bx^ain the action of Davy's safety lamp In pre- 
venting explosions. I^rsons who go down a coal mine immediately 
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alter an explosion are frequently suffocate<]. How do you account 
for this ? 

* 11. When a stream of burning alcohol is poured on a piece of 
wire>gauze, the liquid which passcH through dot's not burn. Give 
an explanation of this phenomenon and mention a useful application 
of the principle it illustrates. 

• 12. (a) Explain the principle of the Davy's safetydamp, and 

(b) draw a picture of it. 

13. 40 grams of marsh gas are Iks completely burnt. Cab'ulate 
the weight of air required for the combiiHtioii ;* also the products 
thus obtained. 


Cri.\rTER XL 

F'lamb. 

87. A Flame congists of combuHtiblfi tjagfg rained to 
xiicaudescence by vteatin of rhetnical action, lleiicn in any 
case before flame can he produced, (1) the combuHtiblo 
bcKly should be converted into vapour, if it is not already 
in the state of vapour; (2) the vapour must bo brouEhi 
into an atmosphere with which it can re-act chemically ; 
(3) the temperature must first reach a certain limit known 
as the point of ignition. 

Note.— The temperature of ignition varies with different b<.>dios. 
Bomo like phosphorus take hro at a low temperature, while others 
like magnesium or fire-damp do so at a high temiiorature. A flame 
is extinguished, if its temperature is by any means reduced below 
the point of ignition of the vapours consiunod in it. 

88. The Luminosity of the flame.— (i) The light- 
giving property of a flame is not due to the operation of 
any one simple cause. There are three causes which may 
operate, either separately or together. These are : — 

(1) The presence of fine parttrleg of tncandegeent golid 
mailer in it. The flame of oil or that of coal gas is very 
luminous, because minute particles of solid carbon arc 
present in it. The flame of hydrogen is non*luminous« 
beoauae there is no solid matter present in it. The flame» 
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however, becomes bright, if wwdered charcoal or any 
dust is introduced into it. This is clearly seen in the 
lime-light with the oxy-hydrogen flame. 

(2) The deneittf of 0^ flame-gases. The denser a gas is 
the more light it gives. Thus, a candle at the top of a 
high mountain as Mont Blanc gives less light than the 
same candle at the sea level, though the rate of combus- 
tion is the same. 

(3) The inrrease o/ iempcrature of the flame-gases. 
When pliosphorus is introduced into chlorine, it sponta- 
neously inflames and hums with a pale greenish flame. 
If, however, the chlorine be previously heated by being 
passed through a red hot tube and the phosphorus be 
boiling, the coinhustion is accompanied by a flame of 
very considerahle luminosity. 

(ii) The heat of the flame depends upon the energy 
and rapidity with which chemical action takes place in it. 
This is wdiy the flame of hydrogen is hotWr than that of 
coal gas. 

89. Bunsen's gas burner. — (Fig. 28, Chem. Pr., 
p. 70). This is a gas lamp used to burn coal gas com- 
pletely at once so that it may give out no smoke, but as 
much heat as possible. 

This burner consists of a vertical tulxi of metal screwed 
to a hollow support. The gas is admitted by a horizontal 
tube also screwed to the support. At the junction, there 
are several holes for the admission of air. The gas passes 
up the tube drawing the air through the holes near the 
Irottom, and hums with a hot but uon-luminous and per- 
fectly smokeless flame, w’hen kindled at the top. 

If the holes be stopped, the flame liecomes bright and 
smoky ; for, the supply of air and consequently of oxygen 
becomes diminisb^^, and the solid particles of carbon are 
not completely oxidized. Thus, it can be also used to illus- 
trate the principle of luminous and non-luminous flames. 



90. The principal paita of a candle name. 

1. A black cone in the tneide consisting of heated unb^mt 
gas given of by the wick ; or an area of 
no combustion. 

riere» the heat of the flame causes 
the solid matter of the candle to 
melt ; the liquid, ascending through 
the wick, is decomposed into com- 
bustible gases such as marsh gas 
and ethylene which constitute the 
dark part of the flame. These hydro- 
carbons are unhurnt for want of 
oxygen. 

Note. — Thr existence of unhurnt gases 
in the dark cone may he ctisily showii hy 
the following experiinentH. 

Erpt, 7H. — Take a Kinall bent glass tube and bring one end 
of it into tluj dark cone of the flame ; presently yellowish brown 
vapours w'ilJ stjcn to pass down the tube and iRsiic at the 
other end. These vuiiours will Ik> found inflammable and 
may be lighted. 

Exvi. 74. — Lower a piece of w'ire gauze into the fliunc of a 
candle so that it is in contac’t with the dark inner cone. 
Yellowish vapours will pass aliove the gauze. I.ight the 
vapours. They will Jjurn, shewing that the inner dark cone 
consists of unburnt gases. 

2. An uiner bright orluminnns zone whererarhon is separated 
out, light is girefi off and the combust ion is incomplete. ; or 
an area of incomplete combustion. 

In this part of the flame, the supply of oxygen being 
insufficient, the hydro*carbon gases formed in the dark 
zone are not all burnt, hut are converted into carbon 
mon-oxide and water, together with small quantities of 
carbon dioxide and hydrogen ; w'hile part of the carbon is 
set free in the form of soot. It is these solid particles of 
carbon heated to incandescence that make this part of 
the flame luminous. 


I 



Fig, 20. 
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Note. — This sons U celled the reducing ficme ; ior* ii an oxide of 
a metalt for example, litharge (Pb.Oj or tin-stoue (SnO,), is 
heated in it, the carbon present in the flame takes up the oxygen 
and leaves the metal pure. 

3. A blue scarcely visible outer zone or region ttkere the 
eomhustion is complete and the temperature is highest ; or an 
area of oomplote combustion. 

This zone being in contact with air, the white hot 
particles of carbon, the hydrogen which escapes combus- 
tion in the luminous zone, and tlic carbon mon-oxide burn 
away at once into water and carbonic acid gas. Since 
the solid particles of carbon are mostly burnt away and 
the flame-gases are cooled down by the admixture of air, 
this portion of the flame is non-luminous. 

The formation of carbon -dioxide and water can he shewn by 
the lime-water and the cold glass tumbler experiments ; ride 
experimetits IB, 19. The pale blue portion of the flame is due 
to the combustion of hydrogen. 

Note. —As motals, when hcatod in this sone, take up oxygon and 
arc converted into oxides, this is called the oxidising fiarns. 

N.D. — Besides these three zones, a small bright blue 
region may be noticed at the base of the flame. 

Queationa. 

s 1. Why does a c^^ndlc flame give off so much light, while the 
flame of hydrogen gives so little ? 

• *i. Explain why hydrogen gives very little, and coal gas a great 
deal of light, when burnt in the air. Describe an arrangement by 
which the luminosity of the flame of coal gas may lie diminished. 
How can the flame of hydrogen Iw made brighter ? 

s 8. Of how many different parts does the flame of an ordinarv' 
candle consist ? Mention the substances found and the changem 
taking place in each. 

• 4 . Explain with the help of a diagram the nature of a candle 
flame. 

5. Deecrihe an experiment to show that the subatanoe of a 
taper is turned into vapour before it begins to hum. 

6. Upon what does the luminosity of a flame depend, and on 
what its heat ? 
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7. If a ourrani of air U blown into ibe flame of an ordioarj 
candle, the iiamo bocoinoe legs bright. Why ig this ? 

8. What part of the candle flame Is called the reducing flamCt 
and what the oxidizing flame ? Why ? 

9. Sketch and describe Bunsen's gas burner and show bow It 
illustrates the principle of luminous and non<luminous flames. 

10. If a piece of cold copi>er is placed on to a flame, the flame 
does not touch it. Why? 


CHAPTER XII. 

Nitboqkn : Symih N.; At. Iff. U. 

91. Occurrence. — In tho /rcc fltato, nitrogen is pre- 
sent in the atmosphere, of which it forms about four-fmhs 
by volume. In combination, nitrogen is found in am- 
monia, nitre, in the flesh of animals, in plants and in 
some food-stufifs. 

92. Preparation. — (0 Nitrogen is chiefly prepared by 
removing oxygen from the air. This is commonly done 
by burning a piece of phosphorus in air, confined over 
water. The phosphorus, in hiirning, combines with the 
oxygen forming dense white fumes of phosphoric anhy- 
dride. These gradually dissolve in the water and nitrogen 
remains. 

(ii) Nitrogen in a pure state is prepared from the 
atmosphere by passing over red-hot metallic copper a 
stream of air, freed from carbon di -oxide and water- 
vaiK>ur. The air, on passing over the heated copjwr, 
is deprived of the whole of its oxygen, cupric oxide ^ing 
formed ; while the nitrogen pas-ses on and may be 
collected over water in the pneumatic trough. 

93. Properties. — 1. Kitrogen is a colourless gas 
without taste or smell. 

2. It is very slightly soluble in vater. 

3. It is slightly lighter than air, its Bp. Gr. being 0*97. 

4. It does not burn ; nor does it support combustion. 
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5* It is one of the most chemically inert substances 
known, combining directly with only a very few elements 
and that with difficulty. 

Test lor Nitrogen. — Nitrogen puts out a burning iaper^ 
but doe$ not turn lime-water milky. 

Compounds op Nitrogen. 

94. Ammonia (Nil,). Ammonia is also called 

of hartshorn; for, it was formerly 
prepared by distilling horns, feathers 
and ivory. It is present in the air, 
being derived from putrefying animal 
matter. 

(i) Preparation, 

Equal parts of slaked lime and 
sal-ammonic (NH^ Cl) are mixed 
with water so as to make a thick 
paste. When the mixture is gently 
heated in a flask, the gas is given off 
rapidly and may be collectea in dry 
bottles by upward (Fig. 21) displace- 
Fig. ai.— Preparation meut or over mercury ; while calcium 

of a ga« by upward chloride and water are left in the 

displacement of air. flask. 

Bahammoniac. Slaked flinc. Ammonia, Water. 

2NH,Cl 4- Ca(OH), « 2NH. + CaCl/-f 2H.O. 

Note !• — Ammonia ie now usually obtained from the waste liquors 
oolleotod daring the doatruotive distillation of coal in the mauu> 
facture of coal-gas. 

Note a. — A gas is collected by upward displacement, when it 
is considerably lighter than air. The end of the tube conducting 
the gas is brought into a bottle held mouth d<non%tard§. The iiiea- 
ing gas, being lighter, aeoends displacing the air and fills the 
bottle, 

(ii) Pntperties.—l, Ammonia is a colourless, trans- 
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pareat gas, having a powerfully pungent smell and a 
strong caustic taste. 

2. It is a strong stimulant to the nerves, bringing 
tears to the eyes. 

3. It is lighter than air, its Sp. Clr. l>eing 0 59, 

4. It is extremely soluble in water, one volunio of 
water at the ordinary temperature dissolving about 800 
volumes of the gas. 

5. It is not a supporter of com bastion and does not 
burn in the air, hut bums in oxygen or heated air with 
a greenish yellow flame. 

G. It is highly alkaline. 

7. It combines directly with acids, forming salts, 
knowm as ammonium salts. 

Test lor Ammonia. — .\mmonia may l)e recognised 
by its smell, alkaline reaction, and by giving dense white 
fumes of ammonium chloride w'hen brought in contact 
with fuming hydrochloric acid. 

Ilseg , — Animonm is iisifl (U as a chfMnieiil re-aR^ent, untl (2> 
in the ]i(]uid form, largely in the manuffu^tiire of ice, 

95. Nitric acid. (HNOJ. Nitric acrhl is formed in 
the atmosphere in very small quantities by the flash of 
lightning through moist air. 

(i) /V#?;xiraf ton. —Nitric acid i« prepared by heating a inixttirc 
of about equal quantities of nitre (KNO J and strung mdphurio 
acid in a retort; when, the nitric acid clistilH over and is 
condensed in a tlask kej)t cc»ol in a hasin of wat<?r. (Fig. *22.) 

Sulphuric Nitric I^otassic hydrogen 
* ' acid. acid. Hiilphate. 

KNO, -f II, SO, =- UNO, + KHSO, 

Note. — When strongly hcaUjd, the following riw-tion takes place: 

2 KNO, + H. SO, = 2 UNO. 4 K, SO, 

Thus, for the aame quantity of sulphuric acid we get twice mn 
much nitric acid. 
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TKe acid which is collected is oi a yellowish colour owing to 
the partial decouii>ositiou of the acid into nitric por-oxide. 



k 


Fig. 22. 

Nitric acid is an article of commercial manufacture. 
Ill this process, potaHsiuni nitrate is replaced by sodium 
nitrate (Na NOJ, as being the cheaper material. 

The reaction in this case is represented thus : 

Ohili-saltt)6tro Sulphuric Nitric Sodic hydrogen 
acid. acid. sulphate. 

Na NO, -f H, SO, =* UNO, -f Na H80, 

(ii) FroperfiM. — 1. Nitric acid, when pure, is a colour- 
less liquid, having a Sp. Or. of I 53, and gives oflf colourless 
fumes when exposed to the air. 

2. When heated or exposed to the sun, it undergoes 
decomposition into oxygen and nitrogen oxides, one of 
which nitric per-oxido (NO.^) is coloured. 

3. It is intensely corrosive. When strong, it causes 
painful wounds in contact with the skin ; while in more 
dilute conditions, it stains the skin and other organic 
materials bright yellow. 

4. It is one of the most active chemical substanoes, 
dissolving all the metals except gold and platinum, and 
HOts violently on animal and vegetable matter decompos- 
ing them. 



XII.] 


NITBOGBN. 


75 


5. It is a powerful oxidising agent, giving up its 
oxygen with ease. Many substances bum up in strong 
nitric acid. Turpentine, wdien mixed with it, indanies. 

Ewpi, 75. — Plunge the end of a piece of red-hot charco»d into 
strong fuming nitric acid contain^ in a wide test-tube. The 
charcoal bursts into flame, combining with oxygen of the acid 
to form carbon dioxide. 

Note I.— When an acid acts upon » metal, the hydrogen of the 
acid in gonoraliy lil>eratod and the metal taken its place. Wlieii 
nitric acid aoU upon a metal, the hydrogen evolved comhinoH with 
a part of the oxygen of the acid to form wat«)r and reddiMh brown 
fumes of nitrogen peroxide are given of!. 

Note 3 . -An oxidizing agent i« a Hubstanee which readily 
transferh its oxygen to other KulmtiKiiceH. 

Testa for nitric acid. -Ejrpt. 76. —Add coppfjr turningK to 
some nitric acid; on wanning, red fu!in*H will he given off. 

Er.pt. 77. — Add a few' drops of nitric, acid to n little wat<?r 
contained in a test-tube, and then add Home strong nuJphnncr 
acid, and Hhake until the liquids are thoroughly mixed. Allow 
thifi mixture to cool completely^ and then pour gently on to the 
surface of the liuuid a Htrong cold Kolution of ferrous Hulj>hute. 
A black ring will form where the two liquids meet. 

(iii) Uses . — Nitric acid is used (1) in the manufacture 
of sulphuric acid, (2) in the preparation of nitrates from 
metals, (3) in the drove’s battery Uj prevent |)olari/.ation, 
and (4) to engrave upon copjwr. 

90. Oxides of nitrogen. 

There are five oxides of nitrogen, nitrogen monoxide or 
nitrous oxide N„ O; Nitrogen dioxide or nitric oxide (N, fl, or) 
NO; Nitrogen tri oxide N., <), ; Nitrogen U'troxide or nitric 
peroxide or) NO^; Nitrogen |>entoxide NjO*. 

97. Nitrous Oxide (N,0). 

(i) It is prepiirad by heating ammonium nitrate (NII 4 NO») 
in a 5 ask and is l^est k>Uected over warm water. 

(it) Properties.--^. It is a colourless gas, having a faint smell 
and a peculiar sweetish taste. 
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% When breathed in, it prodncee a peculiar intoxicating effect 
which shows itself in the form of hysterical laughing. Hence 
it is commonly called laughing ga$, 

8. It is somewhat soluble in cold water, and is heavier than 
air, its Bp. Or. being 1*5. 

4. It supports combustion almost as well as pure oxygen. 
Thus, a red hot splinter of wood is instantly rekindled, when 
plunged into the gas. 

Note. —Nitrous oxide is distinguished from oxygen by the fact 
that, when added to nitric oxide, it does not produce reddish brown 
vapours ; whereas, when oxygen is mixed with nitric oxide, coloured 
gases are instantly formed. 

88. Nitrogen di-oxIde (N,0.^ or) NO. 

This is formed when nitric acid acts upon some metals 
as copper. 

Nitric acid. CopiK'r. Copper nitrate. Water. Nitric oxide, 

H UNO, -f a cu « a cu (No,), 4 4 11,0 + 2 no. 

Properfiss.*— It is a colourless trimsparcnt gas, very sparingly 
soluble in water. When brought in contiw'l with air, it is 
oxidised into reddish brown fuiucs of nitric peroxide, 

Queationa. 

1. Ilxplain how nitrogen is obtained from the air by the use of 
copper turnings Mention its chief properties, 

if. The comjHiunds of nitrogen are not prepared from the nitro- 
gen present in air. Why is this ? 

a. How is ammonia pn'parod ? How much ammonia can l>e 
obtained from M) grammes of atninoniuin cbloridti ? 

•4. How is nitric acid prepared? What are its properties? 

Calculate the weight of the re-acting substances wc should take, 
in order to get 20 grammes of nitric acid from nitre ? 

• 5. (kuuplcte the following eejuations and explain fully their 
meaning : 

KNO, -f 

Na NO, 4* HaSO,«« 

Supposing the compounds n^presented by the formula KNOj, and 
Na NO, were of the same price, which would be the more economic 
eal compound to use in the manufacture of nitric acid ? Give the 
reasons (or your answer. 
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Abnwot. 

KNO, h H.,80, — KH80, -h IIKO, 

30 + 14 + 48 + a + 3i + 04 -i39 + 1 + Sa + 64 + I + 14 + 48 

101 OH 03 

Na NO, + H,SO, — HNO, + Na 1180, 


*23 + 14 -f 48 + 2 + 32 -f- 04 — 1 + It + 48 + 23 + 1 + .32 + 04 



From the abov'e e({uationrt, it ii« clear that wo would uho 101 atid 
85 parts by weight of potaKHium nitrate and KtKlium nitrate roN|ioct- 
ively in order to get (>3 parts by weight of nitric a<*id. Thoreftiro 
it would In'! more economical to uac^ NaNO, ; for by HjHinding 
85 gra. of it, we can get an much of nitric iwdd (Gil grn.) as by using 
101 grs. of KNO,,, 

G. How is nitrogen dioxide prepared ? What iakaa place when 
it is brought in contact with the air? 

7. Which is called the laughing gas ? Why is it so called ? How 
is it prepared, coilucted and diHiinguiHhud fnuit oxygen ? 

8. VVhat takes place when 

*(l) Saltpetre and .sulphuric acid are mixed together and 
heated. 

(2) Ued-hot carlam ia plungod into concentrated nitric 

acid. 

(3) Nitric arid is pimrcd mwn copper turnings 

(4) Bal-ammoniar in mixed w ith slaked lime ? 

9. Name the five ^xides of nitrogen with which you are 
acquainted and give their composition hy weight. 


CHAPTER XIIL 

Classification of Compounds. 

99. Oxides, Anhydrides and bases. 

An ojrule is a compound re.sulting from the combination 
of oxygen with any other element ; as, red oxide of mercury 
(HgO) ; magnetic oxide of iron (Fe^O,) ; carbon dioxide 
(CO,) ; sulphor dioxide (SOj ; water (H,0). 
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An anhydride is an oxide d % non-metal which, when 
treated with water, furnishes an acid: as, phosphoric 
anhydride (P,Oc), carl)onic anhydride (CO^). 


P.O. 

+ 

3H.0 

n 

2H,PO. 

N.O. 

4- 

H,0 

a. 

a HNO, 

SO, 

4- 

H,0 


H.SO. 

CO, 

4- 

H,0 

— 

H.CO. 


A hone is an oxide of a metal which has the power of 
combining with an acid to form a salt ; as, cupric oxide 
(CuO), red oxide of mercury (HgO) ; quick-lime (CaO). 
CuO + H^BO, CuSO^ -f H,0 
CaO -f HaCOa — CaCO,, -f HaO. 

100. Hydroxides and Alkalis. — Uydroxide$ or hydrates 
are compounds resulting from the direct or indirect com* 
bination of metallic oxides with water ; as, caustic soda 
(NaOH) ; slaked lime Ga (OH)^. Hydroxides are also 
sometimes called bases. 

CaO -f. H,0 Ca(OH), 

Na^O 4 . H 4 O — a NaOH. 

Alkalis are the soluble bases of the metals sodium, 
potassium, &c. as, KOH ; NaOH. They turn red litmus 
solution blue, have the power of neutralizing acids, and 
produce a soapy feeling when rubbed between the fingers. 

Test lop Alkalis. — Alkalis turn red litnifis pa}>er blue, 

101. Acids. — An acid is a compound of hydrogen, 
which hydrogen can bo replaced by a metal ; as, hydro- 
chloric acid (HCl) ; sulphuric acid (HgSO^) ; nitric acid 
(HNOji). Acids possess a sharp sour taste, have the 
power of turning nine litmus red, decompose carbonates 
setting free carbonic acid gas, form salts with bases, and 
neutralise alkalis. 

Test for Acids. — Acids turn blue litmus paper red. 

102. Saits. — A salt is the compound formed, when the 
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hydrogen, of an acid is piu-ftially or wholly replaced hy 
metals; as zinc sulphate iZn BO J ; oalciura chloride 
(CaCL), common salt (KaGl); potassium hydric sulphate 
(KHSOJ. 

ExpL 7H. — Take a little caustic potash solution in a test>tul>o 
and add to it a few drops of litmus solution. Then gently 
pour some nitric acid in. The blue litinus solution will turn 
red, because the acid neutraliaes the alkali. Boil off the licjuid 
in a aniall porcelain dish. A white salt will left. This is 
nitre, form^ by the chemical combination of nitric acid and 
caustic potash. If after heating the salt strongly, dissolve a 
little of it in water. The solution will neither turn red litmus 
blue, nor blue litmus reel. Thus, we see that lurids neutralize 
alkalis and fonn neutral salts. 

HNOa + KOH — KKO., 4^ U,0 

Nitric acid caustic potash nitre water 


An acid ; An alkali ; A salt ; 

turns blue turns red litmus is neutral; has 

litmus red. blue. no action on litmus. 

Note.-- 'If all the atoms of hydrogen of an acid are replaoi^sd by a 
metal, the salt is called a normal or neutral »olt. This has neither 
an acid nor an alkaline reaction on litmus paper. 


auci 

4* CaO 

mm 

CaCI, + 

H»0 

H,SO* 


mm 

KeSO* 4“ 

H. 

Phosphoric 

acid. 

Caustic 

potash. 


Potassium 

phosphate. 

Watei;, 

H,PO. + 

H KOU 

mm 

K.PO. 

-4 8 H,0 

H.OO, + 

Na, 0 

— 

Na.CO, 

4 H,0 


If the hydrogen of an acid is only partially replaced by metals, 
the salt thus formed is called an Acid »alt. This class of salts has 
an acid reaction. 

KOH -f H^SO, — H.O 4 KH80, 

Queztlon*. 

1. Define the terms; 

(a) An oxide, a base and an anhydride 
• (b) An acid, an alkali and a salt ? Give examples. 
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* 2. What takes place when (a) Potassium is thrown on water. 

(6) Phosphorus is burnt in a bell-jar placed over water 
and the white fumes allowed to cool. 

(c) The liquids thus obtained are mixed, and then 
evaporated to dryness ? 

3. Calculate (c) the weight of caustic potash required to 
neutralise 100 lbs. of nitric acid, and (6) the weight of the salt 
thus produced. 

4. What are the teats for acids and alkalis ? 

5. Describe an experiment to show that alkalis neutralize acids. 
0. What takes place when carbon dioxide is successively passed 

into warm solutions of fl) nitre, (2) caustic soda, (S) lime? 


CHAPTER XIV. 
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103. Occurrence of carbon. — Carbon exists both free 
and combined in nature. It exists in the free state as 
diamond, graphite and coal. It is found combined, as 
carbon di-oxide in air and as carbonates in lime-stone- 
rooks and sea-shells. It is the chief constituent of animal 
and vegetable bodies. 

104. Animal and veg^etable matter contain carbon. 

79 — A piece of meat is converted into charcoal, when 
it is partly burnt over a tire. 

K»pi. BO. — Pour some strong sulphuric acid on a lump of 
wrhite sugar ; it becomes dark, froths up, imd is converted into 
black carbon. 


105 . 


Varietiea of carbon, and how they differ. 

(i) Cry.um.o: 


(ii) AmorphouB 

Non-orystalline : (Charcoal. 



Dumond. Graphite ( Plumbago .) ! Charcoal. 
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Note«-*Griplilte can be prepared artificially by dissolving char> 
coal in molten iron. 

106 . Qenermt properties of the different forms of 
carbon. — (1) They are tasteless, inodorous and infusible. 
(2) They are insoluble in all known liquids. (3) They are 
not capable of uniting with any element at the ordinary 
temperature. (4) When heated in air, they all pass olf 
into carbon di-oxide. They are all bad conductors of 
heat. 

Carbon t« a reducing agent. 

EwpU 81. — Put some finely powdered oxide of lead (litharge) 
in a bole made in a bit of charcoal and heat it in tlie luminous 
flame with the blow-pipe; globules of metallic lead will be 
obtained. 

Litharge. Carlion, Lead. Carbon di-oxide, 

2 Pb 0 -f C = 2 Pb -f CO 2 

107. Diamond, graphite, and charcoal are chemi- 
cally the same substance. — When any of the three 
forms diamond, graphite, or pure charcoal is burnt in a 
vessel filled with pure oxygen, nothing else than carbon 
di-oxide is formed. Further, for the same weight of each 
of these three substances the same weight of the gas is 
produced. Thus, 12 parts by weight of graphite, diamond, 
or amorphous carbon, yield 44 parts, by weight of carbon 
di-oxido and nothing else. 

108. Varieties of charcoal. — (a) Wood charcoal is 
prepared by heating heaps of wood without a free supply 
of air. 

(h) Animal charcoal, or bone-black is prepared by 
charring bones in closed iron retorts. It consists of a 
mixture of very porous charcoal and phosphate of lime. 
It is used for decolourizing i*aw sugar. 

(c) Lamp-black or soot is prepared by burning resin or 
turpentine,— substances rich in carbon, with a limited 
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8U|»ply of air and brining a ooo] surface into the flame. 
It IS used for printer's ink and for black paint. 

(d) Coke is an impure form of carbon left behind, when 
coal is heated in closed vessels as in the manufacture of 
coal gas. It is largely used in smelting iron. 

Queationa, 

• 1. What aro the different fortnit in which free carbon occur* in 
nature, and how do thoM fonn» differ from each other? In com* 
bination with what other elcmcntH doen oarhon esint in animal and 
vegetable matter, and how do plant* obtain their aarlx)n ? Mention 
two other elemeata which, like carbon, exist free in more than one 
form. 

• Diamond, black-lead, and charcoal are aald to he chemically 
the same sul>stance. How can it hc^ Rhewn that thi* is the cane? 

8. Describt! an ex|>erimont to Rhow that vegotablu matter con- 
tains carbon. 

• 4. By what names are the different varietioMof carl>on known, 
and how do they differ from one another? How can it be proved 
that they all consist of tho siinie chmicnt? 

5. How arc laiup bltu k and hone black prepared ? For what 
piiriwHC is each used? Ks plain tho dificrcnco Ix'twcen ''charring 
flesh” and " burning it coniplctcly.” 

G. DescrilM* experiments to illuhtratc the fact that hydrogen and 
carbon are reducing agents. 


CriAPTEK XV. 

Chlokine: St/mb. CL; At, Wt. Srylj. 

109. Occurrence. — Chlorine is never foiancl fret- in 
nature. It chiefly occurs in combination with the element 
sodium, as common or rock sa}t(Na Ci). 

110. Preparation. — (i) When a mixture of common 
salt, manganese di-oxide and dilute sulphuric acid is 
heated in a flask provided with a safety funnel and a bent- 
tube, chlorine is given off as a greenish yellow' gas and is 
collected in dry bottles by downward displacement. 
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Sodinm M«.iif(aneM Balphnrie Rodic Hydro* VaoirAtieAe 
ohlorlde. di*<>xide. acid. gon Hulphate. Sulphate. 


Water. Chlorine. 


2NaCl + MnO, -f 3H,SO. — 2NaHSO^ -f MuSO. +2 H,0 + Cl, 



F’ig. 23. 


(ii) It may also he prepared by gently heating a mix- 
ture of manganese di-oxido and hydrochloric acid. 


Manganoae Hydrochloric ManganoKo 
di-oxido. acid. chloride. 


Water. Chlorine. 


MnOj *f" 4HCI =« MnClj -f- 21120 -f- Cl| 


Note. — In the latter rc-octiou, only half the quantity of the 
chlorine comes ofl as ga.s. 

111. Properties. — (1) Chlorine m a dense greenish 
yellow gas with a strong suffocating smell. 

(2) When breathed, it produces coughing and inflam- 
mation of the throat, and sometimes even death. 

(3) It is nearly 2.^ times as heavy as air, and is thoro> 
fore oolieoted bv downward displacement. 

(4) It is soluble in cold water to a considerable extent, 
one volume of water dissolving three volumes of the gas. 

Henoo the gas cannot he prepared over water. The solution 
known as chlorine>water has the smell of the gas. If exposed to 
sunlight, it slowly undergoes decomposition, chlorine combining 
with the hydrogen of the water to form hydrochloric acid and the 
oxygen being set free. 
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(5) It is not inflammabla but supports the combustion 
of many bodies. 

82. — Plunge a lighted taper into a jar of chlorine. It 
burns with u lurid Haiiic, emitting a dense Binoke of carbon and 
forming fumes of hydrochloric acid. 

Ejfpt. 83. — When a piece of dry phosphorus is placed into a 
bottle of chlorine gas, it takcK fire and burnn with a pale 
greenish flame, w'hile sufibcating fumes of phosphoric chloride 
(PCI,) are formed. 

(G) Chlorine has a most powerful aftinity for hydrogen 
and for metals in a finely divided state. 

E»pi. 84. — Sprinkle a little powdered antimony into a jar of 
chlorine. Sparks of fire are seen and dense, wdiitc, KUfTocating 
fumes of antimony chloride (SbCl J arc formed. 

H,'>. — When a strip of blotting paper dipped in warm 
oil of turpentine is plunged into a bottle of chlorine gas, it 
immediately bursts into flume, forming liydrochloric acid and 
depositing soot. 

(7) It bleaches vegetable colours when moist, but not 
mineral colours. 

Note. — The hleachintj action of chlorine U a* foltowi : On account 
of its strong affliiity for hydrogen, chlorine unites with the hydro- 
gen of the water to form hydrochloric acid, setting free oxygen as a 
gas. The lib<*rated oxygen combines with the colouring matter 
and forms compounds which happen to colourless. 

The presence of clilorine is detected by (1) its greenish 
yellow colour, (2) by its bleaching action, (3) by the 
sparks of fire seen when antimony powder is sprinkled 
into it. 

Uses. U) From its energetic chemical union with other 
elements, chlorine is used as adlKinfectant. It readily dcstroya 
noxious genus and converts offensive gases into harmless 
substances. (2) It is extensively used for bleaching purposes 
in the manufacture of cotton goods and pa|>cr, in calico-printing, 
and in dyeing. 

112. Bleaching Powder. — This is a compound of 
calcium chloride and calcium bypO'Chloritc, having the 
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formula GaCltO. It is obtained by passing chlorine gas 
through boxes containing slaked lime. 

ExpL 86. — Soak the goods to be bleached alternately for 
some time in a solution of bleaching powder and in water 
rendered sour with u little sulphuric acid. The acid sets 
chlorine free which, from its strong attraction for liydrogen, 
decomposes scater, liberating oxygen. This nascent oxygen 
combining with the colouring matter bleaches the substance. 

Bleaching powder contains chlorine, 

Expi. H7.-— Take a little of the white bleaching pow’der and 
pour on it a little dilute sulphuric acid ; yellow chlorine gas is 
given off at once, which will be found to bleach. 

CttCI.O ^ H.SO^ -»CaSO* -f- H,0 -f Cl,. 

118. Hydrochloric acid (IICl). “(i) Preparation: Expt, 
B8.<— Put a few grains of common suit in a large flask and pour 
over it double the weight of strong sulphuric acid. Hydro- 
chloric acid gas comes off slowly, but rapidly w hen heated. The 
gas is collected in dry )x>ttles by downwrard displacement. The 
liquid acid is only a solution of the gas in water. 

Sodium chloride. H, dr<«hloric godium sulphate. 

2NaCl + IlsSOs -= 2HC1 + Na^SOs- 

(ii) Properties , — (1) Hydrochloric acid gas is transparent 
and colourless. (2) It bas a pungent irritating smell. (3) 
In contact with moist air, it forms dense fumes. (4) It 
is heavier than air. (5) It is very soluble in wrater, one 
volume of water dissolving 500 volumes of the gas at O^C. 
(6) It does not burn, nor does it allow a candle to burn 
in it. 

(iii) Ohemical conduct qf hydrochloric acid. 

(a) The acid gives up its hydrogen when brought in contact 
with certain metals as xinc, iron, Ac., and the ^lorine unites 
with the metals to form chlorides. 

Zq -f 2HCI ZnCls -f Hf. 
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(b) In contact with subBtances like manganese di*oxide 
which readily give up their oxygen, it parts with its chlorine, 
while the hydrogen coiiibincB with oxygen to form water. 

MnOi -f 4HC1 =» MnCl. -f 2 H 30 -f Cl,. 

(r) When it acts upon metalHo oxides such as lime (CaO), 
magnesia (MgO) do., which do not easily give up Uieir oxygen, 
the hydrogen o( the acid combines with the oxygen oC the oxide 
to form water, while the metals combine with chlorine to 
form chloridoH. 

MgO -f 2HC1 MgCl, 4- 11,0. 

(<f) When the acid acts u|>oii a carbonate, carbon di oxide is 
given off as a gas, while the chloride of the metal is left behind. 

MgCOa 4- 2IIC1 =- CO, -f MgCl, 4- 11*0. 

(e) When the acid acts upon sulphides, hydrogen sulphide is 
given off. 

FeS 4- 2nCl = FeCI, 4- 11,8. 

Questiona. 

• 1. How is chlorine prepared, and what are its most important 
properties and uses ? Express by moans of a chemical equation 
the re-actions which take place in its preparation. 

^ 2. What non -metallic element can 1 m) separated from common- 
salt and how ? Describe the properties of this element and mention 
a chemical test by which its presence in common-salt is proved. 

• B. Name the gas which is given of! when sulphuric acid Is 
heated with common salt and black oxide of manganese, and state 
how blue litmus would be affected by an aqueous solution of the 
gas. Ana. The litmus will bo bleached. 

4. Describe the changes that take place and the substances 
formed, when 

• (i) Powdered antimony is thrown into a bottle of chlorine. 

(ii) An aqueous solution of chlorine is exiKMied to sun-light* 

• (iii) Common salt is heated with sulphunc acid. 

(iv) Manganese di-oxide is heated with hydrochloric acid. 

• 5* What is bleaching powder and how is it preMred ? What 
takes place when sulphunc acid is added to it ? In what manner are 
the two substances mentioned used in the process of bleaching ? 
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• 6 Give the ordinary method ol preparation and the chief 
propertioH of hydrochloric acid. 

7. Kxplain with equations the chemical action of hydrochloric 
acid upon (a) Carbonates, (b) oxides, and (c) metals, (J) sulphides. 

8. Calculate the weights of common-salt and oil of vitriol re- 
quired to produce 20 lbs. of hydrochloric acid. 

• 0. Give the distinctive properties of hydrogen, chlorine and 
carbonic acid gas. State how you would collect each of these gases. 

10* Explain clearly the bleaching action of chlorine. 


CHAPTEK XVI. 

SuiiPUUK : tiymb, S. ; At. Wt. 32. 

114. Occurrence. — Sulphur exists both free and com - 
bined. Free, it is chiefly found in volcanic countries 
Buoh as Sicily. Combined, it exists in the form of sul- 
phides and sulpliates. It is also found in the tvhite of 
an egg and in the flesh of animals. 

The chief natural sulphides are:— Iron pyrites (FeS,), copper 
sulphide (OuS), galena (PbB), cinnabar (HgS), and blende (ZnS.) 

The chief sulphates are g}^sum (CaSO^), glauber's salt 
(Na, 80^), Kpsom salts (Mg SO«), heavy. spar (& BO«), blue-stone 
(CuSO^), griMsn vitriol (Fo 8G^), white vitriol (Zn SO^), lead 
sulphate (PbSO«). 

115. Extraction. — The ores of sulphur are burnt in 
heaps, without free access of air ; when, part of the sul- 
phur burns and the heat thus furnished melts the remain- 
ing part into what is called crude brimstone. This is 
then refined by distillation. If the vapour gets suddenly 
cooled, it is deposited in the form of a hne powder con- 
sisting of minute cry^atals, and is called jlower$ of sulphur. 
If the vapour is condensed into a liquid and cast in 
moulds, we have roll-sulphur or sulphur-sticks. 

116. Different forms. — Sulphur exists in four allo- 
tropic modifications : 

(i) Bhombio Oeiak^dral Ory$UU $. — This form is found in 
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nature. It ia^ also obtained when a soluticn of iiowera of 
Bulpbur in carBon disulphide is allowed to evaporate. 

(ii) Needle-Bliaped or Prismatic Mufphur . — This form is obtain* 
ed when sulphur is melted and allowed to crystallize. 

(iii) Plantic This is obttiined when melted sulphur 

is cooled suddenly by l)eing plunged into water. 

(iv) WhiU amorph3u» sulphur, — This is obtained by treating 
flowers of sulphur which usually contains abdtit •'S % of amor- 
phous sulphur with carbon di-sulphide; when, the rhoiiibio 
variety is dissolved ; the white stiiorphous substance which ta 
insoluble in that liquid is left behind. 

To these may be added Flowerg of utlphur and lioll 
sulphur. 

117. Properties. — (1) Sulphur or brimstone is a 
yellow brittle solid. 

(2) It is insoluble in wi)|^*r ; hut soluble in carbon 
di-8ulphide and oil of turpentine. 

(3) It i.s highly inflammable, and burns with a palo 
blue flame emitting sufl'oeating vapours of sulphurous 
anhydride (SO 2 ). 

(4) It combines rea<lily with many nujtals, when hot> 
forming sulphides and giving out much heat in tho 
process. 

Hxpt. H9. — When sulphur is he»U*d in air, it first iiielU, tho 
colour turning hrowft and dark ; then it hccomc H very viscous. 
When further heated, it becoUM s again fluid and finally burns 
with a pale blue flame producing suflocuting fumes of sulphur 
di-oxtde (ISO,). 

Note. — If sulphur is boated in a tulx! without free supply of air 
it gives off yellowish brown va|>ourH of tho elemeiit. 

Fh' 8 of sulphur. — Hulphiir is used O) in the preparation 
of matches to help the wood to take fire, (2) in the manu- 
facture of gunnowder, <51) in the preparation of sulphuric 
acid, and (4) for fumigation. 

1 IB. Oxidea of Sulpbur. — Sulphur forms two oxides* 
sulphurous anhydride or sulphur di-oxide (SO,), which 
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vrhen dissolved in water gives sulphurous acid (H,SO,h 
and sulphuric anhydride (SO,), which furnishes sul- 
phuric acid (H,80J combining with water. 

Sulphur di-oxide. — This is formed w’hen sulphur is 
burnt in air, or in oxygen. It is best prepared by heat- 
ing copper and strong sulphuric acid in a flask, and is 
collected in dr^ bottles by downward displacement. 

2H,SO, -f Cu CuSO, + SO, + 2H,0. 

Propertien : (1) It is a colourless gas having the pungent 
and suffocating smell of burning sulphur. (2) It is 
soluble in wak*.r, one volume of water dissolving nearly 
^0 volumes of it. (3) It is neither a combustible substance 
nor a supporter of combustion. (4) It bleaches readily 
in the presence of water, and stops fernientation. 

— It iH cxtfUBivoly used (1) for bleaching wool, silk, 
paper, straw, etc., (2) to preserve liipiids which have a tendency 
to undergo fenuiuitation, (3) as u disinfectant, and (4) in the 
manufacture of sulphurio acid. 

Note, — The points of differonce lx*twoen the bleaching action of 
chlorino and that of sulphur di-oxide; — 

(a) Chlarine bleachoR by oxidation. That is, chlorine combines 
with the hydrogen of the water and sets free oxygen. This oxygen, 
oombining with the colouring matter, destroys tha colour. 

2C1, + 2H,0 — 4HCI +*1), 

The dioxide bleaches by reduction. That is, it absorbs oxygen 
from the water to form sulphuric acid and sets free hydrogen. 
This latter cumlanes with the colouring matter and destroys the 
oolour forming colourless compounds. 

SO, + 2H, O — H,SO, + H, 

(b) The substances bleached by sulphur di -oxide can be restored 
io their original colour by dipping them in an alkali such as 
ammonia ; whereas, in the other case this cannot be. 

119. Sulphuric acid or Oil of VitHol.--(i) Pr^ra- 
/icm. — Large quantities of sulphur, or iron pyrites (Fe S.) 
are burnt in furnaces ; when, sulphur di-oxtde is formed. 
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The oxide thus formed is conducted into lar^^ leaden 
chambers where vapours of nitric acid, steam, and air 
are passed. These mixing freely produce sulphurio acid. 

Note. — Like the other acids, it cannot easily bo prepared from 
its salts, but it is made exclusively by oxidizing sulphur di-oxide in 
the presence of water. 

(ii) Properties: (1) Sulphuric acid is a dense oily-looking 

colourless liquid having u Sp. Gr. of 1*H4. (2) It has a 

strong aDinity for water, and produces much heat when 
mixed with it. (3) It is intensely caustic and chars 
almost all vegetable and animal substances, on account of 
its attraction for moisture. 

(iii) Vaes. — It is used (1) for drying gaKcs ; (2) for the prepa- 
ration of the other acids and Kulphaten ; {H) in soap-iiiaking, 
dyeing, calico-printing and bleaching; and (4) for geiicratiitg 
electricity in voltaic butteries. 

Note.“~X sulphiiie is a compound of Hulpbnr with any other 
element ; as, carbon di-sulphido (CS,), lead sulphide. 

A f>ulphite is a coinpf>und obtained by the action f>f sulphurous 
acid on a metal or its ba.se ; sodium sulphite (Na, BO,). 

A nvlphate i.s a com{M:>und furnished by the a<‘ti<iii <4 sulphuriq 
acid upon a metal or its base ; t.ff ., blue stone (Cu SO^), 

Test lor Sulphuric acid. — Add barium nitrate to it; 
a white prccipitat 4 of the insoluble sulphate is formed. 

120 Hydrogren Sulphide (H^S).— It is commonly 
called sulphuretted hydrogen. It is prepared by the 
action of dilute sulphuric acid or hydrochloric acid on 
ferrous sulphide (FeS). 

FeS + HjSOi == FeSO* -f 11,8. 

FeS -f 2HC1 -=FeCl, -f H^S. 

Properties : (1) Hydrogen sulphide is a colourless gas, 
hot has the disagreeable smell of rotten eggs and is very 
poisonous, if breathed. 

(2) It is soluble in cold water to a considerable extent. 
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(3) It burnB in air with a pale bluish flame forming 
water and sulphur di-oxide, but does not support 
oombustion. 

(4) It brings down many metals from solutions of their 
salts in the form of sulphides insoluble in water. 

Tests : (1) Hydrogen sulphide may be detected by its 
smell of rotten eggs. 

(2) When a piece of paper, moistened with a solution 
of lead acetate is held over the gas, the paper is stained 
black. 

121. The distinguishing Properties of the three 
chief acids. 


Sulphuric acid 
(Oil of vitriol.) 

ColourlosH liquid. 

8p. Or. — 1*8. 

Does not fumo in air. 
No action on indigo. 


Nitric acid 
(A gUAFOUTlS.) 


j Hydrochloric 
I ACID (Muriatic 

ACID.) 


ColourlcsB liquid. ! Colourless gas. 

t { 


I Sp. Gr. ■■ 15. ; Soluble in water. 

I I 

Fumog in air. | Fumeg in air. 


• BleachoH indigo. | No action on indigo. 


Chars organic matter. | Stainsorganiemat- .... 

ter yellow. ! 

i I 

DiAHOlves copper when ! I lianol ve« cop per; No action on copper, 
heated, giving of( gul- , without heat,! 
phurdi-oxidc and form- giving off reddish | 
ing copper gulphate. brown fiimeg and t 

forming copper [ 
nitrate. ! 


Test* Add barium nitrate; ! The black ringwith j Gives off chlorine 
a white precipitate is j Ferrous sulphate | when heated with 
produced. i solution. 77. manganese di- 

\ ; oxide. 
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Questions. 

• 1. In what forms is sulphur usually mot with ? Mention some 
of the principal uses to whi^ this element is put. Mow mav aul* 
phur be made to combine with copper, and what weight of it ahould 
be taken in order that 50 lbs, of copper may in.* so combined ? 

12. How is sulphur extracted from its ores ? Doncrilu) carefully 
what takes place when (1) sulphur; (12) iron pyrltoa are heated iu 
air. 

S. How is sulphur di-oxide prepared? How docs its bleaching 
action differ from that of chU»hne? 

4 . Deficribc how' sulphuric acid can l>e made. What are iU 
chief properties? For what purposes is it used ? 

5. What is the difference bc*tw'ecn a sulphide, a sulphite and a 
sulphate? Give the composition of: siilphuretted hydrogen, brim- 
stone, sulphurous acid, heavy spar, blende, and iron pyrites. 

* G. State the following particulars ooneeniing sulphuretted 
hydrogen : (a) its colour ; (/>) its smell ; (c) will it allow a lighted 
candle to burn in it ? (d) wdll it take fire on application of a flame ? 
(e) if you were making it, would you try and collect it over water? 


CHAPTER XVII. 

niOSPHOliUS AND SILICON. 

Phosphorus: Symb. r.; At, Wt, HI, 

122. Occurrence. — Phosphorus is never found free in 
nature. It occurs combined in the form of phonphates, 
the chief of which is bonc-ash or calcium phosphate, 
Cas (POi)}. It is also met with in the seed of plants. 
There are two varieties of phosphorus, yellow and red. 

123. Preparation. — Phosphorus is chiefly obtained 
from bone-aeb, the white porous mass left l>chitjd, when 
bones are burnt in air. The ash is treated with sulphuric 
acid, and the substance thus formed is mixed with char- 
coal and strongly heated in a retort ; phosphorus distils 
ov^, and is cast into sticks under cold water. This is 
the ordinar}* or yellow phoephorue. 
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Note* — When bonen are heated in closed vessels, it is converted 
into bone or animal charcoal. 

Bed Phoephorue is formed when ordinary phosphorus 
is exposed to light, or heated in closed vessels without 
access of air. 

124. Properties and uses. 


Yeliow PHOBPHonuR. Ukd Phosphohub. 


(11 is of a faint yellow colour. is of a dark red colour. 

(2) is a soft, semi-transparent, is an opaque, powdery sub- 

waxy-looking substance. stance. 

(8) is very active combining is very inactive, 
eagerly with oxygen, chlo- I 
rine, iodine, etc. 

(4) is extremely inflammable is not highly inflammable. 

and takem lire at a low tom- It may W) boated in the air 
perature of 44°C. Honco it above without taking fire. 

IS kept undor water. Hence it can exposed to the 

! air without danger. 

(8) is feebly luminous in the is not Uiiniuous in the dark. 

I dark. 

(01 is very poisonous. is not poisonous. 

(7) is not soluble in water, but is insolublo both in water and 

dissolves in carlxin di-sul- | in carbon di-sulphide. 

i phide. 

(81 has a Sp. Or. of 1*6. r | has a Sp. Or. of 21. 

(9) is crystalline. is amorphous. 

(10) is employed in the mauu- \ is used in the manufacture of 

facturt^ of lucifer : Safety matches, 

matches. | 


125. Yellow Phoaphortts U very inflammable 

90. Take a bit of yellow phoBphonis and wrap it in a piece of 
blotting paper. Then rub it with a hammer on a piece of wood. 
The rubbing will cause the phosphoruB to take fire and burn. 

Eept* 91. Put a bit of dry yellow phosphorus on to an iron 
tray. Next place a bit of red phosphorus of the same sixe also 
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on the tray. Heat the tray. In a few instants the yellow phos- 

S horns will take fire and burn with a bright flatne and give off 
ense white fumes. But the red phosphorus caU^hes nre and 
bums exactly like the other only after it has been heated for 
some time. 

126. Preparation of Matches. — 1. Ordinary Matcheg, 
The prepared wooden splints are first dipi)ed in inoltod 
Bulphar and are then tipped with a mixture of yellow 
phosphorus, potassium chlorate, fine sand, lead per-oxido 
and glue. As the red tip of the match contains phos- 
phorus, it takes fire when rubbed on any rough surface. 

2. Safety Matches. — The prepared wooden sticks are 
first dip|>ed in melted sulphur by which they are rendered 
readily inflammable. These are then tipped with a paste 
consi-sting of potassium chlorate, antimony sulpnido, 
powdered glass and gum- water. They are ignited l)y being 
rubl)ed on a side of the box covered with a ?nixture of 
red phosphorus, powdered glass, manganest', di-oxide, and 
glue. The tip of the safety match contains no phos- 
phorus, and therefore it does not take fir(3 except when 
rubbed on the prepared side which contains phosphorus. 

Silicon: Symb. 8i,; At. Wf. 28. 

127. Occurrence.-— Silicon does not exist free in 
nature. It occurs chiefly in the form of the oxide, silica 
(SiOx), knowm as sen-sand, quartz or rock«cr}'sia1, flint, 
and agate ; and in combination with oxygen and several 
of the common metals as silicat^js. It is pre|mred by 
separating oxygen from silica. There are two varieties 
of silicon, amorphous and crystalline. 

12B. Properties*— Am ffrphmts silicon is a black powder 
which burns when heated in air or oxygen. Crystallized 
silicon is a brilliant grey substance. It is very hard being 
capable of scratching glass. It does not burn in air or 
oxygen, even when strongly heated. Both the forms are 
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insolable in water and in all acids except hydrofluoric 
acid (HF.) 

129. Glass is a double silicate obtained by fusing in 
a hot furnace a mixture either of white sand, lime, and 
soda, or of sand, oxide of lead and potash. 

Varietien of Glass : — 1. Crown or window and plate 
glass is made by fusing together white sand, slaked lime 
and soda. It is fusible and is used for chemical apparatus. 

2. Jiohstmian glass consists of white sand, potash and 
lime. This is not easily fusible. This is employed when 
hard glass is needed for combustion tubes. 

3. Flint glass or crystal is composed of white sand, 
potash, and red lead. It is used for common glass 
articles. 

4. Common bottle glass is composed of white sand, 
floda, lime, iron oxide and alumina. 

Properiiss of glass,^il) Qlass is a brittle solid. (2) conduct’ 
mg heat and electricity badly. (3) In the melted state, it is 
capable of dissolving many oxides, but on that account it does 
not lose its transparency, though it becomes variously colour- 
ed. (4) It is not acted upon by any acid except by hydroflu • 
orio acid. 

130. Compaunds.^!. Quartz (SiOs) is a common 
crystalline form of silica. Rock-crystal is a pure transpa- 
rent variety of quartz and is used under the name of 
Brazilian pebble to form lenses for spectacles . 

2. Sand (SiOf) is largely composed of grains of quartz 
that have l>een woru more or less round by rubbing. 
Sandstone has been formed by the grains of sand becom- 
ing united under great pressure by some cementing sob- 
stanoe. 

3. Flint (SiOf) is a dark-ooloured, noii-crystalliiie» 
impure variety of silica. 
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4. Clay (AlfOs, 2SiOt* 2HjO) is s stlioate of xlumina. 
So are brioks, pottery, and china which are formed from 
clay. It is plastic and impervious to water. 

Note* — .4 $il\caU iti a compound of/tlica with metaJg. 

Questions. 

1. Which is the chief material from which phoKphoruH ii 
prepared and how in it prepared ? 

* 2, State how the two varieties of photiphoruK differ frr.)m each 
other, and dcftcrilio hoa* each variety in employed in the manufac- 
ture of lucifer matcheii. 

•3. Do^ribe carefully what taken place when (11 yellow 
phonphorus in exponed to the air and (ti) rod phtwphoruK U heated 
in air. 

•4. What in rock-crystal? Pracrilx^ an experiment by which 
diamond may lie dint)nguish«»d from rock-crystal. 

Ans. (i) When heated in air diamond Iohoh its lustre, beemnea 
black, Hwollb up, and is finallv converted into carbonic acid gaa, 
without any residue ; but rock>crystal fSiO,) neither Iohom colour 
nor changes its comi>obition, even when burnt in air. 

(ii) Pure diamond is not at all acted upon by hydrofluoric acid ; 
while rock-crystal readily dissolves in the acid. 

6. How is silicon prepared? Mention its chief properties. 

(i. (a) What is f Name the different varieties of glass, and 

state from what materials each is prepared and to what purpose each 
is used. |6) Name some varieties of silica? What is a sificate? 


CHAPTER XVIII. 

CHKMICAL ACTION AND ITS LAWS. 

131. Kinds of chemical action.— >The numerous 
cases of chemical change may l>e referred to one or other 
of the following modes of action : — 

(i) Cmnbination of entire molecules or formation of a 
compound by synthesis. 

Cu S OttS 

CaO 4- HiO Ca(OH)* 
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(ii) hecompontion or splitting up of a compound mole- 
cule into its elements or into simpler molecules. 

Ca CO3 *= CaO -f- CO 2 
2IIgO 2ng -j- o., 

(iii) Singh displaremoni or decomposition by substi- 
tution. 

Zn + HBO* -- ZnSO* -f II 

(iv) Double decomvnsiiion. Two oj* more molei:u]es 

corning together excnange some of their (jonstituents so 
as to give rise to the same number, or to a greater 
numb(?r of molecules. 

CaCO, -f ) 

H/'O, -B 0>, -f i.'O. j 
i.r., CaCO, -I- ‘iHCl •» Cat'l, -f (’O.J -t- H,c>. 

Again, ‘i Na('l -f H^HO, « ‘iHC’J 4- Na„S(),. . 

‘2HC1 -f-MnO,, 4 il.jSO, «=MnS<^4 Cl, -r \ 

‘iNtiCl 4- Mn(),4-2H,SU4«=5Ka,SO*4- L'l, 4. MnSO^ 4 2 H,() 

Ki 2 . ConditionA favourable for chemical change. 

(i) the of phtjifiral agent/t. — 1. Jlent promotes chemical - 
change. 

Ejrpi, U2. — Mix HouK' nitre and rhure:>al powde r logetlur. 
No efiunge will be notieetl however long tlu^y remain t<^>getlH r. 
Heat the inixlnre. Tiiu charcoal will now born eombimng with 
llu* oxygen t>f the nitre to form earbon <li-oxi<le. 

2. Light. Sunlight helps chemical actioTi. 

ir.rpf, 1?8. — Mix elilorinc and hydrogen together: no ( hemieai 
action takes place in the dark. Kxpo«e the nn'xture lo light ; 
the hydrogen and chlorine coiiihiiu* togc*ther and form hydro- 
chloric acid. 

3. FAoelririiy aids chemical action. Viih Expt. 22. 

(ii) Close contact. — 1 . IHrcet rontnet is necessary for 
chemical change. 
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Krpi, 94. — Keep u meoe of phosp^torus tinder water. It 
undergoes no cheiaical change, since contuot with mr is 
removed. Take it out ; it readily takes lire coiuhining with the 
oxygen of Uie air. 

2. Sohitiou aids choniical change. Vuir Kxpt. (>. 

3. A solid in the state of inttcdvr readily undergoes 
chemical ch.ange. 

hjxpi. 9."t. - Throw some ropjwr foil into a jar of chlorine ; 
Tio action takes plae**. liroak the ftnl intc» \ er\ tine powdet 
.Old sprinkle the powdtjr into the jar ; sparks of lire art* seen. 

Note. — X" » genera) ni)«*. rhemical eharig<> more rapidly 

if-twM i: a and a h«)md. or a Mtlul and u ga^ thaii Itrlwet ii 

SMbds. 

(iii) Sasmj (if t‘I(‘i!u*nls is fiivourahlt* for clieinien 1 
action. 

f.’rpf. 9^1 -ria('t :i cMlonred wet <*hint/ in n hotth* of oxygen ; 
«l I- not id IM.n o llie i hioti' in a hotlle of ehloriiie ; it 

ijcroiio *. Idi'iC'jictl. ('hlonne. cotniiining with the hydrogen of 
tin* water, sel.s free o.xvgon; tin- oxygen, now in llie nascent 
-.tate, nnit‘!^ witli the eolounng niKller to form eolourless 
< o.'njMjund.s, 

Note. Atj * ienn rn i*; Kitid fe U in the na»i‘to,t state, uh< n it i** 

jsi'.t froij, a eMinp‘*tn.d iNaMenl «= jiHt lM>rn). 

(iv) The prruf'ni^' tf a t niohjt ir Hohnt»ni('e.~-~^Y \)0 jiroHonco 
of rna ng.mo'.e di .oxide ji'^^iststhe decomposition of potas- 
sium (ddorate at a low temj)eriiture. 

Note. — Th‘- ueli'-n of Hulnhare arid < i» /ine or irnn n heljM-d la 

:he pITK.nee r<f WHlej . 

(v) I'nhke loUnrr . — The inobl unlike suhslanccs com- 
hine together most readily. 

no Tin and lead are more like et.eh other in their jirofR'ilieH 
than oxvgen and hydrog^ni. They do not form any cotripound, 
differing in essential properties from the original KubHiances. 
But hydrogen and oxygen unite readily to fomi water whoBO 
jvroperlie^' are quite different from the component clemcntH. 
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(&) Acids and alkalis are substances most unlike each other, 
and they readily combine with each other forming salts which 
have quite different properties from either of them. Thus, 
caustic potash is alkaline, and nitric acid is acid ; but when 
these two substances are mixed together, they readily combine 
to form nitre, a neutral salt which entirely differs in its proper- 
ties from either of the two substances from which it results. 

(c) Potassium and sodium resemble each other.* They do 
not form any compound. On the other hand, they have quite 
^different propertns from water, and they readily combine with it. 

133. The Physical and other changres that ac- 
company chemical changres. 

(1) Heat is felt when chemical union takes •place. Vide 
Expt. 16. 

(2) Jjight is sometimes given off. 

When powdered antimony is thrown into a bottle of chlorine 
gas, sparks of fire are seen. 

(3) Electricity is getiernteih 

In a voltaic cell, electricity is produced by the chemical ac- 
tion of dilute sulphuric cujid upon tlic zinc plate. 

(4) CotUraction of volume is noticed. Vide § 18 Note. 

(5) Change of state. 

Oxygen is a gas. Mercury is a liquid ; but when these two 
unite chcmicaily, we have a solid [wwder called red oxide of 
mercury. 

(6) Change of physical properties. 

(a) Change of colour.— -Carlwn is black ; sulphur is yellow ; 
but their compound, carlxin di- sulphide (CS,) i8 colourless. 

(h) Smell. — Neither nitrogen nor hydrogen has any smell ; 
but ammonia (NH,), a compound of the two elements has a 
pungent stnell. 

(c) Sotnotimes poisonous compounds result from altogether 
harmless elements Thus hydrogen, carbon, and nitrogen are 
harmless substances, but hydrocyanic acid, a compound of 
these three is poisonous. 



XVIII.] 


CHSmCAL ACTION AND ITS LAWS. 


101 


134. Characteristics of Chemicsl Changes. — (I) The 
formation of new yroducU which differ in phyneal and 
chemical propertiee from those which etiier into the ehanye* 
When phosphorus is burnt in air, it becomes phosphoric 
anhydride (PsOs). It is neither combustible nor a sup* 
porter of combustion ; but phosphorus is combustible and 
oxygen is a supporter of combustion. Similarly, when 
chalk (CaCOj) is heated, it is converted into lime (CaO), 
carlioii dioxide (COi) escaping as a gas. Quick-lime has 
a strong attraction for water, while chalk has not. 

(2) A thermal effect^ either the evolution or the absorption 
of heat. When strong sulphuric acid is mixed with water, 
much heat is felt. 

(3) Suhsf anr.es undergoing chemical changes ^ do so obeying 
certain laws of chemical combination. 

135. The laws of chemical combination.— (!) The 

law by fixed or definite proportion.— 17«f same chemical 
compfjund always contains the same elements united togeOwr 
in the same proportions ; in other words, the proportions, in 
which substances unite together ^ are p'j’ed and invariable. 
Thus, water (H 2 O) always consists of Hi parts, by weight 
of oxygen united with 2 parts by weight of hydrogen. 
Similarly, nitrogcr> monoxide (NtO) is always formed 
by the union of 16 parts by weight of oxygen with 2H 
parts by weight of nitrogen and in no other ratio, 

(2) The law of multiple proportions. — When several 
compounds of the same two elements exist, the numbers 
denoting their jnopori ions by weight are simple multiples of 
their combining weights. 

This law may also be stated as follows: — When an 
element combines with another in mitre than one propofrium, 
the different weights of one of the elements which unites with 
a constant quantity of the seexmd element hear a simple 
ratio to one another, i.e., the different higher proportions 
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are alwayB products of the lowest proportion by an 
integer. 


Nitrogen forma .5 compounds with oxygen. 


N 2 O Nitrogen 

monoxide 

28 ; 

: 1 

X 

16 

NsO^ 

di -oxide 

28 

: 2 

X 

16 

N2C).i 

tri -oxide 

28 

3 

X 

16 

NjO-i ,, 

tetr-oxide 

28 

4 

X 

16 

NjO, 

[HUit-oxide 

28 

5 

X 

16 


Hacli of the above com))oun<ls contains 28 parts by 
weight of nitrogen united with 1 x IG ; 2 x 10; 3 x 10; 
4 X 10; o X 10 parts, by weight of oxygen respectively. 

From this we learn that the relative proportions of 
oxyg<m in combination with a constant weight of ni- 
trogen are as 1 : 2 ; 3 ; 4 : o. In other words, the weights 
of oxygen contained in the four last of these compounds 
arc twice, thrice, four times, and live times that contained 
in the first eompound, that is, simjile multiples of 10, the 
combining weight of oxygen. 

Further, it is not possible for us to prepare a com* 
pound containing any intermetliate quantity of o.xygen, 
or in which a fractional part of IG is taken. If, for 
instance, we try to comhine 28 parts hy weight of 
nitrogen witli 20 parts hy weiglit of oxygtm, we get the 
whole of nitrogen combin«Ml with only lt> of the oxygen, 
the other 4 pans of oxygen remaining uncomhined. 

The theory, that all atoms are indivisible and of the 
same size hiu tliat atoms of different substances are of 
dilTerent weights, sufficiently accounts for these law’s. 

AVamp/s 1. — Two elements A and II combine together in 
throe dtileront proportions hv weight ax follows : — A, 58-11 and 
B, 41*89; A, 40-96 and B. 59*CM ; A, 7H-37, and B, 26*63. Do 
these elements in these oomhinations obov the law of combina- 
tion in multiple proj'^ortions ? 
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1q the throe com bins tions, iho proportion of A to B in 

A B A B 

(1) 5811 : 41*89 « I : 0 7‘i ; t.f., I : i x 0*.% 

68- U 

(‘Jj 40*96 : 59*01 «» I : 1*44 ; i.r. 3 1 X 0 36 

(3» 7a a7 ; ar-63 _ l ; oro-ac ; ,.t., 1 I X 

Now. tho rt'lativ*^ proportions of fi which cornhincH with i\ 
i'onsUiut weight of A arc *2 : 4 : 1 ; i t\, th(* •lifTcn-nt weights (*f li 
iMMir ft simple (not fra<*tionftI) ratio to one another. Honco the 
element'' ob<‘T the law of combination in mtiltiplc pr(»porii4>nM, 

Kr.. ‘2.* -A chemical compound han the following perceiituge 
couipusitiou : 

Iron 86*B4» Sulphur 21*00, Oxygen 42*16 

Find its chemical formula. 

Now the <iueHtion amounts to this : fuid the relative numUTs <4 
inm, of sulphur and of oxygen Htoms prewnit in the emnpound. 
To find this vve must ascertain how many times the combining 
weight of irtm (W)) is contained in .HA*B4, how many times that of 
-.ulphur (32). in 21 00, and how many tiincM that of oxvgcn (16) in 
42*16. 

This information in obtained as below 

Iron «= O GC ; S»lphur -» 0 (V; : Oxvgnn » 2 0-1, 
50 32 ' 1 0 

The restulfing numbers give the rcquinwl relation of the numlior 
of atoms, but not expressod in the «impU>*t ratio in whole numls»r«. 
To find the latter, the results must be divided by the smallest ; thus 

T O-fMi , o , , O fM) , , , 2 64 . 

Iron — -■ I : Sulphur . . ■■ J : Oxygen —# 4. 

0*»V6 * U 66 0*66 

From this we conclude that the compound contairiH one atom 
of iron, one of sulphur and four of oxygen. Hence the required 
formula i.s Fe.SO,. 

Questions* 

♦ l. Under what cooditioDV do chemical changes moirt readily 
take place ? (.rive a few examples. How would you 'leclda whether 
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the ohttoge which a body has undergone ie a chemical or a physical 
change 7 

• 2. Illuatrate the statement that ** Chemical combination takes 
place most readily between those bodies which least resemble each 
other/' 

• 8. Chemical changes are always accompanied by changes of 
other descriptions. Give some illustrations of these changes and 
mention the chemical changes which produce them. 

4. Illustrate that (1) heat is sometimes necessary to start them- 
ical union ; (2) heat is felt when chemical union takes place. 

• 8. Mention some of the phenomena which accompany chem- 
ical changes. Describe an experiment to illustrate your answer. 

• C. State the two most important laws of chemical combination 
and explain them by reference to any compounds of Nitrogen. 

• 7* When several compounds are formed by the same two ele- 
ments, in what proportions do these elements exist in the com- 
pounds? Explain your answer by means of examples. 

• 8. Describe an experiment to show that, when elements com- 
bine, the wciflbts in which they do so are in the ratio of their 
combining weights. 

• 0. Two elements A and B combine together in two different 
proportions by weight as follows : A, 42’8C and H, 57- 14 : A, 27 27 
and B, 72'7d. Do these elements in these combinations obey the 
law of combination in multiple^ proportions ? Give the reasons for 
your answer. 

10. Two elements A and B combine together in three different 
proportions by weight as follows : A, 21*73 and B, 78*27 ; A, 82*03 
and B, 47*37 ; A, 86*71 and B, 64*29. Do those elements in these 
combinations obey the law of combination in multiple proportions ? 
Give reasons. 

11. A chemical compound has the following percentage com* 
position ; 

Hydrogen 2*04 *) 

Sulphur 32*68 [ H ; 8 : O ■« 1 : 3*2 : 16. 

Oxygen 65*31 3 

Find the formula. 

12. A chemical comix)und has the following percentage com- 
position. 

Calcium 88*7 Y 

Oxygen 41 8 f Ca : <> : P ■■ 40 16 . 31. 

Phosphorus 20*0 ) 

Find the formula. 
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CHAPTER XIX. 

METAL5. • 

Iron : Symb. /V. ; At, 56*. 

136. Occurrence. — Iron ig one of the mo8t widely 
distributed tnetals. It is present in almost all the rocks. 
It is the most useful metal for man. It exists /ree in 
meteorites. Pure iron is almost unknown. 

Chief oree : 

1. Specular iron ore or Rtid hmmatiU^ (Fo*Os) 

2. Magnetic iron ore or Lodestoni; (Fe. 104 ) 

3. Spathic iron ore or Clay iron stone (FeCO^) 

4. Iron pyrites (FeS*) 

Note. — An ore in a mineral from which a metal can b<' extracted. 

137. Preparation. — Pure iron is almost unknown. 
It is prepared by heating Red hcemuiite with charcoal in 
large furnaces. The oxygen is got rid off as carbonic acid 
gas and the metal is left behind. 

2Fe203 + 3C 3C02 4 4Fe. 

Note.— When a current of dry hydrogt‘n in purthfd over red-hot 
iron-rust, pure iron ih left ht^hind. 

FoO -f- H, -■ Fe -f 11,0. 

• 

138. Properties.— (1) When pure, iron is of a white 
colour. In dry air and in pure water, it does not lose 
its brilliancy but it rusts in moist air. 

( 2 ) At a high temperature, it burns rijadily giving off 
sparks of iron oxide. 

(3) When red-hot, it decomposes steam forming mag- 
netic oxide of iron. 

(4) It is the hardest and moBt magnetic of the metals. 

(5) It is soluble in all the common acids. 

t A motal iH an ulcraent which ha« the power rcplac-c l)v‘ 
hydrogen of acids to form aalta. 
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139. Varieties of Iron: — (a) Cast iron or pijf. 
iron. — (i) Compodtion . — Cast iron is impure iron con- 
taining 90 to 9/)' per cent, of iron, 2 to G per cent, of 
carbon and a small quantity of silicon, phosphorus and 
sulphur. 

(ii) Freparatitm , — Specular iron ore is heated with 
limestone and coke in a blast furnace which is so-called, 
because* a blast of air is continually blown in. The iron 
produced collects in the bottom of the furnace and is 
drawn off in the liquid condition. 

SptH uliir iron oro Charcoal Carbon monoxido Iron 

-f :jC n :iC() + ‘iFo 

Note I. The* liin«*Kt<»no is ttddcd as a fiui. the object of which 
heiriK t<» form u ftihihUi Hulmtaiicu with tho earthy constitucutH of 
the ore. 

Note 2. — If the oro mhocI not nn oxide, the ore ia first calcined, 
I hereby water and carbon di-oxide are expollod, and any gulphidoK 
pt'usont are oxidi/.od into hulphur di-oxidc. 

(iii) Properties. -(I ) i ’,ast iron molts at a low€»r temper- 
ature than fitbor wrought iron or Htcol. (2) It is hard, 
non-elastic, very brittle. (3) It has the valuable property 
i)f expanding, when melted and allowed to cool. So if run 
into moulds, it takes impressions even of the fine.st lines. 
Hence tho nameVa*/ iron. 

(iv) IV‘H. — It is used for making; gas and watcrpipcs, for 
lamp posts, railings, largo wheels, heavy stiuida for mtichincs, 

(h) Wrought iron or Soft Iron. — (i) 

This is nearly pure iron, but it generally contains about 
0*2 per cent, of carbon. 

(ii) Preparation. — It is obtained from cast iron by 
beating the latter in a special furnace called the puddling 
furnace, where the carbon and other impurities are burnt 
away by currents of air. 

(iii) Properties. — (1) Wrought iron is less fusible than 
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cast iron or stool. (2) It is tough and not easily broken. 
When brok(‘n, it shows a fibrous structure. (.1) It be- 
comes soft at a low heat ; hence pi(‘ces of it can be forged, 
welded together, and made to assume any shape we 
please ; hence the name xvroiujht mm. 

Note. — Wrou^jlit iron, wlicn roll»‘(l. is oalh'd Bar IrOQ. 

(iv) rV«. — It is used to make nuiU, hornr shoeH, tyres of 
whtvls, ships and boilers. 

(r) Steel. ' (i) Oo»i;w)i»i7/o/i.--Steel cf)ntains less car- 
bon than cast iron, but more than wrought iron. In good 
steel, the tjuantily of carbon varies from 0*7 to 17 per cent. 

(ii) Pr*'par(t(i’ni. —(1) HU’cl is obtained from wr(iU(jltf 
iron by lieating tlie latter to retines.s for some time in 
contact with coal. (2) It is prepared from raht iron l>\ 
burning out all the carbon and other impurities and then 
adding as miudi cast iron as is necessary to give carbon 
enough to convert tin* whole mass into steel. 

(iii) Properfie.^r (\y Steel is malleahic like wrought 

iron. (2) Wlien broken across, it shows a fim* granuhir 
structure. It iK^comes very hard and brittle, wlien 

boated and suddenly coolcsL This tits it for making it 

. into cutting tools. (4) When cautiously heatijd and 
allcwetl to cool slowly, it is rendered elastic. This is 
called annealing or tempering .sUnd. (/>) It can lx* 
iiuiguetizcd permanently. 

(iv) is n.scd for making knives, razors, kr. 

140. Green Vitriol or Ferrous Sulphate (FeSO^). 

This is one of the more important salts of iron. 

Preparation . — Pxpt. 97. — DiKKolve Home irori fllingH in dilute 

sulphuric acid ; the hydrogen of the acid esc apes as a gas ; 
while ferrous sulphate or green vitriol is formd<l. Add hoiiuj 
water and filter the liquor. Then boil down, the clear solution 
and crystals of green vitriol will be formed on cooling. 

Fe -f H.SO. — FeHO, + H, 
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Green vitriol is a pale>green crystalline substance, 
soluble in water to a great extent. If exposed to air, it is 
slowly oxidised into ferric sulphate Fe 2 ( 804)3 and be- 
comes nearly white. It is largely used in the manu- 
facture of writing ink and in dyeing. 

141. Test lor iron Salts. — Potassium ferro^cyanidey 
K 4 Fe (CN)e, produces a dark blue (Prussian blue) pre^ 
cipitate with iron salts. 

K»pi. 08. — Dissolve a little iron sulphate in water ; render 
the solution slightly acid with a few drops of nitric acid, and 
then add a few drops of the solution of potassium ferro-cyanide. 
A Prussian blue precipitate is at once formed. 

Aluminium : Symh. Al. ; At. Wt. 27. 

142. Occurrence. — .Aluminium is not met with in the 
free state, but occurs in large quantities in many rooks. 
It is contained in clay and alum. 

Preparation. — It is obtained by heating aluminium 
chloride (Al Cls) with metallic sodium. 

2 AICI 5 4 - 3Na, =rr GNaCl -f 2.\1. 

143. Properties. — (1) Aluminium is a bright silver- 
white metal. 

(2) It is lighter than most metals in common use, its 
Sp. Gr. being 2*7. 

(3) It does not change in dr\' or moist air, but when 
sti^ongly heated in the air, it burns forming alumina, 
(AI 2 0,). 

Note. — On account of its valuable properties, aluminium is 
slowly taking the place of copper and brasn for making hounehold 

144. Compounds.— .dfnmino or aluminium oxide, 

the earth of clay (AbtOs). 

This is prepared by burning aluminium in air. It is 
a white amorphous powder and is little acted upon by 
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acids. It is very hard and difficult to melt. The 
hydrated oxide is very largely used in dyeing and calico* 
printing, for fixing coloia-s. 

Note*-- Alumina occurs in tiaturo in the rr>*«itaIHno form an ruby, 
sapphire and corundum. As emery which is iK>a*dered coruuduiu, 
it is used for polishing metals. 

Alums are complex com|)ounds of aluminium sulphate 
AU (SO4) ;j with the siilphatos of the alkali metals. 
Alums are white soluble salts, poRsessing an astringent 
taste. They crystallize readily in octahedra and arc 
much used in dyeing and printing cotton cloth. 

Ffhp;jr (.'MiO:, , K^O, fiSiOj) is a pink coloured crys- 
talline silicate of alumina and potash. 

Clay, porcrlaiu and slate are aluminium silicates. 

Teat . — Potassium fprri-ryanidv tjives a dirty white preex’ 
pitate with alnminium salts. 

Quest ion a. 

*1. Mention one of the most important orcK of iron and ata to 
how the metal in obtained from it. In how many different fonuK is it 
met with? How do they differ from each other in comptmition and 
properties, and for what pur|>OHeH in each variety uwm! ? Mention 
a liquid which diasolvca iron, the subKtance priiduced by its action 
and a tent by which the presence of iron in the isdution may bt) 
recogjuzivl. • 

• ‘i. What now com{>ound is formwl when a piece of iron is dis- 
solved in sulphuric acid, and how would you recognise the presence 
of the metal in this compound? Calculate the weight o the 
corajpound which is obtained by dissolving 10 lbs. of iron in the 
liquid. 

8. Mention the chief ores of iron with their chemical symbols, 
and give some of the chief properties of pure iron. 

4. Give the chief properties of the m«ftal aluminium. Calculate 
the weight of the compound formcsl when 200 grammes of ainmi- 
tiitim is burnt in air. 

• 5. Describe the appearance, compoaitioii, a method of prepara- 
tion, the properties and the uses of green vitriol, alumina and alum. 



no 


CHEMISTRY. 


[OHAr. 


CHAPTER XX. 

Calcium : Symh. Ca. ; At, Wt, 40 . 

143. Occurrence. — Calcium does not exi.st free, but 
occurs in many familiar compounds such as lime, chalk, 
gypsum, coral, bone-ash. Calcium is not easily made. 
When required, it is prepared by decomposing its chloride 
(Ca Cb) by means of electricity. 

146. Properties. — (1) Calcium is a light yellow 
metal which easily oxidizes in air. {'!) It acts upon 
water like potassium and sodium but less tuiergetically. 
(3) When heatt;d in air, it burns with a bright n d light, 
forming (juick-lime. 

J47. Compounds, —(i) Cakium Chloride (CaCL'). 

/vVpf. ^9.* ' J >issolve chalk or uiarbh* in dilute liydrochloth* 
jicid ; whon, carbon -di-oxidc cscapcsas a gas ; culciuin chloridr 
remains disHolvc*d in water. Kva))orat(‘ tlie solution to drvrn ss. 
(’aCO -4" ‘211(1 C’-aCi, *f CO, -f H.n. 

('alcium cldoride is a white porous powdtu* which lakes 
up moisture with great eagerness ; hence it is used for 
drying gase.s. It gives a white precipilat<‘ of chalk with 
a solution of scKliuin carlwnate. It dissolves in sulphuric 
acid giving otV fumes of hydrochloric acid 

CaCb -u Il,.80i --- CaSO» -r 21IC1. 

(ii) Calcium curhouale (CaC/Oi). Tins substance 
occurs in several forms, as chalk, lime-stone, marbU?. 
coral and oyster-shells. Its chief crvslaliine vuritny is 
ealo-spar, which bus the remarkable property of double 
refraction. 

All these forms are insoluble in pun* water, but soluble 
in water containing carbon di-oxid<‘ in solution. When 
boated, they are all decomposed into carbon di-oxide and 
quick-Umo. 

CaCOM--CaO r CO.; 
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Note* — Chatk can he precipitated by adding a nolublc oarlKamtc t.> 
tiolutions of calcium salts; C'aCl, 4- Na^CO, «■ 4 ‘iNut'l. 

It is a white, ainorpho\is substance, soft enough Im' scratched 
with the tiujcrer^nail. Tt is used for writing on black l»oardN. 

Limenfong is hard and amorphous. It iit used in the Miaiiufoc turc 
of lime and cements 

Mnrlle is white, and appears in iniinUe grarnilar rrvstuU inattcii 
together. It i*» so hard llnii it can lake a high polish Ii is us<«d 
for statues. 

(iii) Lime, tjuirk-lim* or rnhivm 

obtained by ht;alin^ liineHtono or Hoa sbelU in kilns vviib 
charcoal; when, carixnnc acid escajK'S Icnvin^^i be 
hind lime. 

It is II uhitc, Hinorpluius, infusible substance. Wli'ui heated 
by the oxy hydrogen fbune. it emits a briglit light. It absorbs 
riioisture and carbon -di-nxitle from the air. It is, Ihcrefon*. 
frequently employed as a drying agent. When a kiiuiH quan 
tity of water is pourtnl upon it. the mass rapidly Isa omes hot 
and steam is gi'eii ofT : w hile the lime swells up and erumbleK 
to a soft white dry powder called shtked linn*. It i-. also useil 
as manure in marshy lands, for destroy ing exeesh of icgetation. 

(iv) Slaketl limv or calcium bydtoxidi*, (’a|()H)i.. 
When wc pour ju.st enough of water ujion fjuick-iinie for 
every molecule of lime to comhim- with a molecule of 
water, wc gel slakt'd lime. 

eVO r ll.d> Ca(OH),. 

Slaked lime is a white amorplnms powdei spafingly 
voluble in water. Wlieii it is alutkeii np with water so 
as to form a white liquid, we have milk of lime whicli is 
used to wliiUjwasii Ikuihcs, It absorbs carhoni<; acid gas 
readily, forming chalk and water; iienee newly fmilt 
walls remain for a long time damp. 

fV^.— It is used chictl v <1» in the prcofiration of mortar and 
cements ; t*2) to k»oscn th«! hair on IiUIch, O'h to n!iiio\e tin* 
impuritieti from coal gas, (4; in the preparation of bleaching 
powder, ammonia, alkali soda ; (.0) in the iiianuffwturo of glans. 
and (fb to whiteovaith buildings and to disinfect. 
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(v) Lime-water is a clear solution of slaked linxe in 
water. It has an alkaline reaction. It is used to test 
the presence of carbonic acid, to remove temporary hard- 
ness in water, and as medicine to help digestion. 

(vi) Gypsum, Plaster of Paris, or calcium sulphate 
(Ca BOi). It is generally found in nature in the crystal- 
line form. It is precipitated from a solution of calcium 
chloride by means of sulphuric acid. 

CaClj -f H 2 SO 4 CaSOi 4 - 2HCI. 

Gypsum is slightly soluble in water, rendering it per- 
manently hard. When it is heated, it loses its water of 
crystallization, and forms a line white powder called 
Plaster of Paris, which is largely used in making casts, 
and for plastering the interior of houses. The addition of 
gypsum to a soil increases its fertility. It is, therefore, 
used for manure. 

(vii) hone-earth, or calcium phosphate, Ca 3 (P 03)2 
is obtained when animal bones are calcined in open air. 
It is a white powder slightly soluble in water. From 
this is prepared phosphorus. It is a good fertilizer of 
the soil. 

(viii) Fluor-spar, or calcium fluoride (Ca F*\ 


Maqnkbium : Sytnh. My. ; At. Wt. 24. 

148. Occurrence. — Magnesium does not exist in 
nature, but occurs in large quantities in certain minerals 
and rocks as dolomite (Mg COm), and in sea-water and 
certain mineral springs as magnesium chloride and 
sulnhate. 

It is prepared by treating the chloride 
(Mg Cl’) with sodium at a high temperature. 

MgCli -f Ns, « Mg .-f 2NaCr. 
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149. Properties. — (1) Magnesium in a soft silver- 
>vhite metal which can be made into wire or ribbon. It 
has a Sp. Gr. of 1-75. 

(2) h does not oxidize in dry air, but is slowly acted 
upon by cold water but rapidly by warm waiter. 

(3) It is volatile and may l>e easily di.stilled at a bright 
red heat. 

(4) When strongly heated in the air, it burns with a 
dazzling white light and leaves behind some white ashy 
powiler called Magnesia, while black fumes of the unburnt 
metal and white fumes of the solid oxide escape as soot. 

(5) When steam is passed ovtn* the heated metal, it 
is dec<Mn]:K>sed. magnesia and liVilrogen being formed. 

((>) It i-apidly dissolves in sulphuric acid and hydro- 
chloric acid w’ith evolution of hydrogen. 

— It is used for nifvking tire works and signals ; from its 
richness in chemically active rays, its light is euiploycHl as 
a KiibHtitute for sun -light fur photographing the interior of 
buildings. 

150. Compounds. — (i) or magnesium oxide 

(MgOj is a white amorphous infusible powder obtained 
by burning a piece of magnesium wire or ribbon in air or 
oxygen. It has a slightly alkaline reaction, hut almost 
insoluble in w'atef, and unites with acids to form salts. 
It is largely used in medicine. 

(ii) Eppnn falttf or magnesium sulphate (MgSOi). 
This salt derives its name from the springs at Epsom in 
England, which contain this salt largely dissolved in 
thorn. It is generally obtained by evajKuatiiig the spring 
wraters that contain it in solution. 

Khpt. 100. — Gently heat inagneHia, the white aah obtained by 
burning magneHium in air, with sulphuric acid; the W'httc 
powder dissolves in the acid forming magnesium sulphate. 
Then boil dowrn the solution in a dish. On cooling, long 
needle-shaped white cry sUds of Epsom salts ture obtained. 

a 
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Magiifiiia. Sulphuric acid. Maffoeiiam Water. 

Kulphaic. 

MgO II, - MgSO, -f H,0. 

Epsom salt has a bitter taste and is easily soluble in 
water. It is used as a mild purgative and for washing 
wool. 

Questions. 

1. Give the preparation and the chief proi>crtie« of calcium and 
magnoBium. 

* S. How is limo obtained from chalk ? What weight of the 
latter ia required in order to obtain from it half a ton of the former ? 
13y what testB can lime be distinguiahed from chalk? 

Ans. ThetOHtHare: (u) When hydrochloric acid is poured on 
chalk « an effervoHcence of (‘arhonic a<dd gus is noticed. If poured 
on lime, carbonic acid gas is not evolve<l. 

(1) When chalk is placed in water, it neither dissolves in it, nor 
does any chemical change take place in it, but when water is 
poured on lime, much heat is evolved, slaked lime being formed. 

* 3. Give the chemical name, the component elements, one 
method of preparation and uses of the following Kubstanc.es: — 
KpHom salts, slakod-lime, chalk, quickdime and l)one>ash. 

4, Find the weights of calcium chloride and of washing wxla 
necessary to prccinituto GO grammes of chalk. 

• 6. How are the following substances prepared, and what arc 
their uses ? Limc w'ator, calcium chloride ana magnesia. 

• 6. Magncsiuni is burnt in air and the product dissolved in sul- 
phuric acid. Name ivll the substaiiecs produced, and calculate how 
much of each would Iw obtained from JO grammes of the metal. 

7. Complete the e<|uatioii (aCO, -f 2 HCl 
and henoe deduce the weight of the substances that would l>e 
obtained by completely dissolving 40 ll>s. of chalk in the acid. 


CUAPTER XXI. 

THE ALKALI METALS. 

Sodium: Sytnh, Na.; At. 117. SJt. 

151. Occurrence. — Sodium is never found free in 
nature but it occurs chiedy as the chloride (NaCl), and 
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as the nitrate (NaNOj). It is also present in plants 
growing near, and in, the sea. 

Prejwation , — It ik prepared by taking away the oxygen from 
aoda (Na,0) by iiieanK of electricity. lUit it iM prepared on 
a large Mcalc by heating a mixture of carlioriate of soda 
(NHyf'O,) and chai*coal in an iron retort. The vapour of 
sodium which dititils over ia condensed and made to m^w' into 
rock 'Oil. 

Na./’0., -( 2G — nCO . Ka,. 

152. Properties.- "(1) ScKlium is a silver- whiu^ ftietal 
soft enough to Ih^ cut with a knife, and has a Hp. 
Gr. of 0 97. 

(2) It has a great attraction for oxygen, and oxidizes 
in air ; lienee it in kept under rock-oil which contains no 
oxygen. 

(3) It decomposes water in the cold, liberating hydro- 
gen as a gas and foriuing alkali soda. 

(4) When hcaUnl in air, it first melts at a tciiiperature 
of 97 ’C. ; then takes fire and hums willi a bright yellow 
flame, white fumes of the oxide (NazO) Iwing given ofT. 

(6) It is a strong reducing agent like carbon and 
liydrogen. 

— It is largclv used to extnict the inctalK aluminium and 
luagncHium from thrir chlurides. 

153. Compounds. — (i) iSWn or sodium oxide (Na^Oj 
is pr<3pared by the slow oxidation of sodium in air, or 
burning a piece of sodium in dry air. It is an unstable 
compound, being easily converted into caustic soda by 
absorbing moisture from the air. Jt is used in the pre- 
paration of glass. 

(h) or alkali soda, sodium hydroxide (NaOH), 

This is obtained (1) by evaporating to dryness the water 
upon which sodium is thrown, (2) by heating sc^diuni 
carbonate with slaked lime in a silver or an iron vci 

NajCOa ^ Ca(OH), CaC 04 -f 2NaOH. 
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It is a white solid, soluble in water and is highly 
alkaline and caustic. It has a strong attraction for 
water and carbon di-oxide. Hence it is used for drying 
gases and for absorbing carbon di-oxide. It is also 
largely used in the manufacture of bard soap. 

(iii) Wttithlug soda, crystals of soda, or sodium car- 
bonate (NaaCO.i). It is also improperly called soda. 
It was formerly obtained from the ashes of sea plants, 
but it is now obtained by heating a mixture of Glauber’s 
salt, charcoal and chalk. 

('Ualk. (*hur* SiMlimu (ailciuru Carhon 

Salt. coal. CarlwdiMtc. Sulj>lii«li‘. Moiioiinl**. 

NaaSO* -f CaCOa CaS -f- 400. 

It is an eflloresoeut, white, alkaline substance used in 
softening hard gypsum water, for glass making, soap- 
making, and bieaciiing. 

(iv) Common, table, or rock salt, sodium chloride, 
(NaCl) is obtained (1) from mines as rock salt, and 
(2) from sea w’ater by evaporation. (3) It is formed 
when a solution of calcium chloride is mixed w*ith a 
solution of washing soda. 

CaCli -f Na,C 03 CaCO^ f 2NaCl. 

It crystallizes in colourless and transparent cubes. 
It is used to tiavour our food, to prevent decomposition 
of meat, in the preparation of chlorine and its compounds, 
and all other sodium salts. 

(v) OlauberU salt or sodium sulphate (NofSOi) is 
obtained by boating common salt w*ith sulphuric acid. 
A dense fume of hydrochloric acid is given off and sodium 
sulphate is left behind. 

2NaCi -f. HtSO* « 2HC1 ^ Na^SOi 

It crystallieos in prisms, and readily parts with its 
water of crystallization crumbling down to powder. It 
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i8 prepared chiefly to l>c im*d in the nmnufacture of 
socTiunt carbonate. 

(vi) or sodium nitrate* (NaNOa). It 

i« found in IVru, and is used in the manufiiciure 
of nitric acid atul nitre, and as an in^roiiient in artiliciiil 
nmnures. It is very wduhle in water. When ex])Oi)ed to 
the air, the salt absorbs moisture ; and on this iwcount, it 
cannot be employed as a Hubstitute for nitre in the manu- 
facture of fmn{>o\\dt?r. 

Test for sodium an<l its salts. — Tbege impart a tjohim 
y* tfoir rvhur to (hf< tlnnw. 


rOTAHHIUM . Stjwh, K. ; At, Ait, 

Occurrence. Potassium, like Krxlitim. is never 
found in iluj /rf * state. It exists combined in felspar and 
nitre. It is als»^ eontaimsi in the subaUnce of most 
plants. 

-PotasHium is now manufsuHurcd by di«- 
lilliiif/ a nuxturc* of potashes and charcoal. 

K 2 CO 1 -f 2C K 2 -f 3CO. 

15^V Properties. ( i ) I*otassium is a silver-white 
metal, soft enoui^h to la; cut with a knife and has a 
Sp. Gr. of O H, 

(2) It has a stronj^ affinity for oxygen. When exnoHcd 

to the air, it slowly oxi(lizc:H into {Kitanfi Jlence 

it is kept under rock-oil which has no oxygen. 

(3) It decomposes water wilfi great energy even at 
the ordinary tt-mpemture, causing the ldH?rated hydrogen 
to burn. 

(4; Wlien heated, it melts at a ternpcrattire of 52'C., 
and then burns with a flame forming p<jta«h. 

Ifjf}. Compounds,- (i) Pofnth or Potassium oxide 
(K2O) is obtained by the oxidation of fKiiassium in dry 



lie 


CHEMISTRY. 


[chap. 

air. By exposure to moist air» it is readily converted 
into alkali potash. It is used in the preparation of flint 
and Bohemian glass. 

(ii) Alkalt or can$fie Potassium hydroxide, 

(KOH) is obtained by mixing potassium carbonate with 
slaked lime in a silver or an iron vessel, 

K2CO, -f- Ca(OH)2 = 2 KOH -f CaCOs 

or by evaporating to dryness the water upon which 
|x>tassium is thrown. 

It is a white solid, soluble in water, highly alkaline 
and powerfully caustic. It has a strong attraction for 
moisture and oarlionic acid gas. It is used for drying 
gases, and for absorbing carl^ii di-oxide, and in the 
manufacture of soft soaps. 

(iii) Pofaihes or potassium carbonate (K^COs). 

When plants are burnt, the carbonate remains in the 

ash. If the soluble portion of the ash is dissolved and 
evaporated, we get potassium carbonate. 

It is a very soluble salt which, if ex]K>sed to the air, 
attracts moisture an<l soon becomes liquid. It is strong- 
ly alkaline, and is used in the preparation of glass and 
other potassium compounds. 

(iv) Sitrr, saltpHro. or potassiu in# nitrate, (KNOi). 
This is found in the form of crystals on the soil of tropi- 
cal countries, such as India. 

Pr^)amfion.— (1) Ilelnse matter from stablefi is expoaod in 
heaps mixed together with wood^aalies and lime to the action 
of air. The nitrogen contained in the organic matter gets 
gradually oxidixed into nitric acid, and this combining with 
time and potash yields nitre which is separated by washing 
and eryatallixation. 

(^) Nitre is obtained by decomposinx Chili-saltpetre with 
potasduin chloride and allowing the products to orystallixe. 

KCl 4- NaNO, « KNO, -h NaCl. 
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Nitre cr^'iitallixeft in lon|( rhomhio prinnifi etui heii'a 
saline taste. It readily dissolves in water. When heat- 
ed, it parts with a third of the oxygen it contattis. 

2KNO, 2KNO, -fO,. 

It is ohiedv used in the preparation of nitric acid, and 
in the manufacture of gun-powder and firc-workH. 

Qufi*powder is an intimate of 1 part of sul- 

phur, 2 parts of nitre, and 3 parts of charcoal. The 
chemical change that takes place, when gun -powder is 
exploded, may bo roughly reprosentetl tlius : - 

S -f 2KN0.1 4- 3C = 8CO, i Nj 4 K,B. 

When gun-powder is heated, the oxygen of the nitre 
combines with the charcoal to form carbon di-oxide, and 
the sulphur with potassium to form potasnium sulphide ; 
while nitrogen escapes as gas. 

Note.— Oun*powdor can al>io hum in a pUc« devoid of air nr 
under water, as the bumlna substaaoa, vi§„ carbt>n gels the n«>ces' 
aary oxygen from nitre of which it contains about 4H per cent. 

(v) Chlorate of potaih, or potftssium chlorate (KCIO,) 
is prepared by passing chlorine through warm and cunceii- 
trated solution of caustic potash. The reaction may be 
represented thus : ^ 

3Cl2 4- 6KII0 «. KCIO, 4- 5KC1 4 311,0. 

The chlorate is easily separated from the more soluble 
chloride by crystallixation. 

It is a crystalline salt sparingly soluble in oold water. 
When heated, it is deooinpcMi^ into poiassitini chloride 
and oxygen. Hcnee it is used in the preparation of 
oxygen. It is also use<l in the manufacture of luciler 
matches and in calico printing, as an oxidising agent. 

Teat lor PotMalttm and its salts. —ThsM oalio colour 
the fiame rioUt, 



120 


CHBMI8TBY. 


[chat* 


157. Soap. — Soaps are the alkali salts produced by 
acids contained in fats. Soap is made by boiling animal 
or vegetable fats or oils with an alkali. 

ExpL 101 . — Pour half an ounce of castor oil into a thin porce- 
lain basin with some hot w'at<.*r, and add some caustic soda 
or potash. On Ixiiling the liquor, the oil will all diKapt)ear and 
Koap will be formed dissolved in the water. When it has boil* 
ed for some time, throw in a handful of common salt. This 
will dissolve in the* water, and drive out the soap, which will 
swim on the 8urhic*e. When cool, this soap will become a 
white hard solid and may be used for Mrashing puq) 08 cs. 

Soaps containing soda are hard soaps ; potash gives 
soft soaps. 

158. PotaMium and Sodium compared. 

(1) PoinfB of »imihiriiy. — 1. Both are silver white metals, 

‘2. Both are soft enough to he* cut with a knife. 

It. Both rapidly tarnish in the air. Hence they are kept ii> 
rock-oil. 

4. Both decompose water at the ordinary temperature. 

r>. Both take fire and burn when heat^'d in air. 

6. Both are lighter tlnin water and therefore float in it. 

7. Both are alkidi metals. 

H. Both renlocc the hydrogen of an acid an atom for atom. 
The two are. tner«?fore, monad eUnnents. 

9. Both have similar compounds whicji are, as a rule, (af 
white in colour, if*) soluble in water, (c) alkaline in reaction. 

(ii) Poinig of diMtmilarity , — U) PoU\s8ium hums in air with 
A violet dame, hut sodium with a golden yellow Dame. 

(2) Potassiuni, when thrown on cold water, decomposes it 
with auflicient energy* to cause the ignition of the hvdrogen 
evolved ; whereas, in the case of sodium, the action is not 
Kudiciently energetic to effect the inHaiiiiuation of the gas 
evolved, unless the water be previously heated. 

(8) The atomic weight of potassium is H9 ; hut that of 
sodium is !2B. 

(41 Potaasiuiu has a Sp. Gr. of 0*H; vrhile aodinm has a Sp. 
Or. of 0 97. 
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(5) Pota88ium tnoltHata teint>craturc of while Hcxlinm 
at 97T. 

(6) PotasBiuni vields Hoft boapH, but soiliuiu hurcl 

Questions. 

1. Compare ajul contrast the prop»*rties of Medium and i>(*tttHt.imu. 

•2. How arc the following prep«r<Hl ? (live tln ir pn»[M'rluMK 
and uaes:— Nitre, («laul>er'H salt, potanh. coinnion 

chlorate of potanh, IVitashes, and washing soda, 

• 8. What takes place when (/i) siilt|H'lre. (f*) < hlorate <*f i»**UHh. 
(r) sodium, and id) potu'^vinm nre heated ifi air ? 

• 4. (o) Charcoal will Iniin in the air. hat if it Is pirued in (In 

veftscl from w’hich air is excluded it will }iot hnrn. If. however, 
some nitre Is* mixed with the charcoal l>«*(f>re it is placc<l in th** 
voswd, the <‘harcoal can he made to hnrn in s|)itc of the i xi la**i« ii 
of the air. Kx(daiii eh*rtrl> wh> the <diar<ca! hurnH in the ve-M L 
when nitre is mixed with it and n<»t Is fi.rc 

It) Whttt important uw has U'en made of thi" |M*wi‘r whit It 
nitre pc»SM*s«CH of making charcoal burn in hpaeen ficHtituti ».*f air? 

5. C’aloulttte the wciglit of ('hili-Hitltpelre and d nitn ri'juiiMl 
to prcxluce ?) Ihs. <if nitric acid, 

• (1. What suhhtaiiccs are used in making ^aip ' <*i\c soino 

account of the process of its inanufiK ttire. 


( IIAPTKH XXn. 

C’oi rKii. .Vy/o//, rt4. , At. UV. *i:i. 

159. Qcccirreilce. CopjKi ttoeurs /V** id nuiuio near 
lake Superior atni jii Chili, Jitit it is onno tronenillv ^td 
from its ores. 

The chief ores are : 

1. (‘npric sulphnJ#', f’li ^,S, 4. < npne oxtde, ( 

‘2. ('opper glance. Cuh Uui*> ctipjM'r, < u h 

8 . ( opfter p;!iritt‘s, ( u,,S 

JWr^un at i*tii C'tippei is ohtaitietl fn to the (ixiilo l»y 
heating it with chairoal. 

'JC tijO A" ^ 4 C/U -f Cy^Jz- 
2CnO C ^ ‘JCu f ( C) 2 , 
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six; ihe sdpEur separates from the ore as Sttlphur di^oxide 
md the miSal is left in the form of an oxide» from which 
pure copper is obtained by reduction. 

Pure copper may also be obtained b^ dipping a piece 
of clean iron or sine into a copper sdlutlon* or by pasring 
a eurtent of dry hydrogen over heated copp&r oxide in a 
glass bulb. 

160. Properties. — (1) Copper is a tough, hard metal 
of a reddish colour. 


(2) It can be drawn into very fine wire, rolled into foil, 
and hammercKl into leaf. 


(3) Next to silver, it is the best conductor of heat and 
electricity. 

(4) Iti dry air, it does not change, but when heated in 
the air, it hecomos black forming copper oxide. 

(6) It multH at a rod heat and im^mrts a green colour to 
the dame. 


(6) It readily dissolves in nitric acid forming copper 
nitrnte, hut neither Kulphuric acid nor hydrochloric acid 
acts U|K>n it at the ordinary' temperature. 

frntis , — It is iiittoh used for making boilers, vessels, wires, 
and in many alloys such as brass, bron/e, Britannia 
metal, and German silver. 

161. Alloys — Uoys are mixtures 6i metals made by 
melting them together. They are largely used in the 
arts, b^auso they are (1) harder, (2) more el antic , and 
<3) more f Hnxble iiian the constituent metals. 


The chief alloys are : — 

1. finus — 2 parts of copper and 1 part of zinc. 

3. Britannia mefa/— B4 }>artt» of tin, 4 of copper, 10 of 
antiinotiy and 3 of bismuth. 

H. German eilver — Copper, nickel and zinc. 

4. Peicfer-— S parts of un and I of lead. 

5. Solder^l part of Un and 1 of lead. 

4S. Type C of tin, 75 of lead and 30 of anUmony. 
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7. Sronta^-^Copper ati^ iiu. Thmre are several vturlelies :-«• 

fal JlmiMaiittii Droiite~-00parls at aoppataad Wat alvuil* 
niotti* 

(b) ^ parts of eop|>er and 2D at tin. 

ie) Ottn-melol— -90 parts of copper and ID of tin. 

W Speculvmmetal-^ parts of copper and D7 of tin. 

(e) Bronte cottta9e>*-95 parts of ooppiw, 4 of tin and 1 of xinc. 

Alloys of till and lead are all white. If an alloy contains 
over 50 per cent* of xinc, it is white ; if over HO per cent* of copper 
it is red or reddith yellow. 

162. Compounds. — (») Mark (^ridr of or ouprio 
oxide (CtiO) is formed, when copjx^r in heated in tlie air. 
Itisahhick pow'der soluble in acids. It is riHluced to 
the matitllic state, if hydrof^en isnaHsed over it when red- 
hot. It is used in ascertaining the cuinposition of water 
by weight and in the iiianufaoture of green glass. 

(ii) Blu 0 -*tonet blue vitriol, or copper sulphate (CuBO*) 
is prepared by boiling metallic copper with oil of vitriol 
diluted with half its bulk of water and evai>orating the 
solution to dryness. 

Cu + 2H2SOt := CuSO* -f 2HxO -f SOj. 

It crystallizes in beautiful blue prisms. When 
heated to redness, it loses all its water of crystallization 
and forms a white pow'der, but again liecomes blue when 
dissolved in water.* It is a powerful caustic used to burn 
aw’ay the fleshy growth in ulcers. It is employed in 
calico-printing and in the preparation of copper pigments. 

(iii) Copper nitrate^ Cu(NO.,)* is obtained by dissolving 
copper in nitric acid and evaporating the solution. It in 
a crystalline salt soluble in water. 

163. Tests for Capper.— 1. When ammonia is added 
drop by drop to solutions of copjier salts, a greetiish blue 
precipitate is produced. When excess of ammonia is 
addm, the precipitate disappears and a dei»p blue solution 
U formed. 
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2. When the blade of a knife or a piece of zinc is 
dipped into a solution of copper salts, the copper is pre- 
cipitated, the iron or zinc being coated with it. 


Zinc : Symb. Zn. ; At, Wt, 65. 

164 . Occurrence. — Zinc does not occur free in nature. 
Its chief ore is blende (ZnS). It occurs also as calamine 
(ZnCOa). 

Pre^raiioih . — It is generally prepared by roaBtiiig blende 
at a high temperature. The milphur boconics converted into 
sulphur di- oxide and the zinc into zinc oxide. 

2ZnS -f iiO, — 2SOa + 2ZnO. 

The oxide in then mixed with charcoal and heated in earthen- 
ware retorts. The inettU volatalizcH by the heat and the 
vapours are condeiiKed. 

ZnO 4- C — Zn -f CO. 

165. Properties. ~(1) Zinc is a hard l)luish white 
metal, showing crystallino structure, when broken across. 

(2) It is brittle at tbo ordinary temperature, but 
between 100 C. and 150'’ C. it may be rolled and hammered 
with ease ; whilst, if heated to ‘iOOX., it becomes again 
brittle and may lx? powdered. 

(3) It does not tarnish in dry air ; but when exposed 
to moist air, it tarnishes siiperliciully. 

(4) When heated to nnlness in air, it takes tire and 
burns with a bright bluish white flame, forming zinc 
oxide. 

(5) When pure, it is scarcely attacked l)y bydro- 
cbloric or siilpburio acid, but ordinary commercial zinc 
is energotically attacked by these acids as well as by 
nitric acid. 

Ihes . — Zinc is often used (l> a« a substitute for lead in 
roofing, i2» as the active metal iu the voltaic butteiy. iB) for 
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coaUag ^eet^iron so as to render it less liable to rust, and 
(4) for mixing with other metals to form useful alloys, such as 
brass, German silver, and bronze coinage. 

Note. — Galvanised iron i.s iron coaled with a illm of *tlnc by 
dipping it into a bath of molten zinc. 

160. Zinc and Mag^nealum compared. 

i. Poinh of $imiUtriiy. — il) Itoth an* white metals. 

(2) Both burn when heated in the air. 

(8) Both nietalH, on btirning. Iea\ e a white oxide. 

(4) Both do not tarnish in dry air. 

(6) Both decotu|vose w*ater in the staU* of Hteaiii at high 
temperatures. 

(6) Both can be converttfd into vapour. 

(7» The sulphates of both inctalH are formed by dissolving 
the mctalHor their oxides in sulphuric acid. 

(B) An atom of each metal dispbicea two atoum of hydrogen 
of an acid to form salts. Both are therefore dyad elements. 

H.SO, 4 Zn — ZnSO*H. 

H.80, 4 Mg — MgSO.lIa 

ii. Points of dissimilaniy, — (1) Magnesium is a silver white 
metal, but zinc is a wdiite motul with a bluish tinge. 

(2) Magnesium burns in air more easily than zinc. 

(H) The light emitted by the metals differs both in colour 
and intensity ; magnesium burns with a bright dazzling rvhite 
light, zinc with a bluish white light. 

(4) The combining weight of iiiagnesium is 24 and that of 
zinc 6.7. 

(7) Magnesium is lighter than zinc. The former has a Sj». 
Or. of I'T and the latter a .Sp (ir. of 7. 

(6) The proccrtH of obtaining tnagnehiuin is costly ; hence 
the mettil is costly ; whereas, zinc is clieap. 

(7) Tlie compounds of niagnesicm are numerous and abun 
dant ill nature ; but there is only one ii»|s>rtant coJii[)OUnd 
of zinc. 

(Hi Zinc forms useful alloys with other metals, magnesium 
does not. 

167. Compounds. — (i) Xinc ojride (ZiiO) i« obtairunl 
in the fonn of white powder by burning the metal in a 
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current of air. It is insoluble in water but dissolves in 
ticids giving rise to the ditTerent zinc salts. When heated 
it becomes yellow, hut again becomes white on cooling. 
It is used as a paint under the name of zinc white. 

(ii) White vitriol or zinc sulphate, (ZuS04). When 
zinc: is dissolved in dilute sulpliurie acid, hydrogen is 
given off and zinc sidjihate is left behind. The solution 
is then filtered au<l boiled down. On cooling, white 
prismatic crystals are formed. 

Zinc sulphate is a white sulmtancM^ extremely soluble 
in water. If swallowed in large quantities, it produces 
vomiting. It is used in the preparation of certain 
pigments, and as an emetic in medicine. 

Test.— J* otoMnium Ferri^cyanidi* yrodtweH an (ftanfje yreci^ 
pitate with zinc salts on addition of nitric arid. 


Tin; Symh% Sn, ; At, 11'/. 116. 

168. Occurrence. — Tin does not occur free in nature. 
The chief ore is tin stone (SnOs). 

Extraction of Un . — Mix some jwwdcrrd tin stone with about 
the Bamo quantity of curbonatc of soda, put the mixture in a 
hole made in a bit of chturcoal and heat it in the lumiroUK 
tlaiiic of the spirit lump. The oxygen, combining wiili the 
carbon, escapes as earlx>nic oxide ; w hile the metal is left as u 
w'hite globule. 

SnO j -f '2C •« Su 4 2CO. 

169. Properties. (1) Tin is a silver-whiu> meUd, 
which docs not tarnish iu air. 

(2) It is rather soft and very malleable so that it is 
easily beaten out into leaf known as tin*foii ; but it is not 
tough enough to be drawn into wire. 

fS) It melts at 230 C. and has a considerable tendency 
to orystallize. 
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(4) When strongly heaUnl in air, it lakrH fuv and 
burns \vith a whit<3 light forming a whit*- afitornhona 
powder called stannic oxide (SnO.), which is UHcd h.r 
polishing glass. 

(0) Strong hydrochloric acid dissolves u readiU with 
the evolution of hydrogen, forming tlm chloridt * of the 
metal. Dilute nitric acid oxidizes it violently 

Vnes , — Tin is used ilj for pluting iron t<» |u*i*vei»t it fmn* 
rusting, (2) for silvering mirrors, und mh h eonstituf'iit of 
many impoi'Uuit allo\ h, us *>(>/d»‘r, liritatmta 
Bronze and type^mvOtl. 

NoU.— The metal till may ht* leeogni^.td In its K umoi.: th<' 
iiisoJuhle oxide when treated with nitiu a« .d. 

f.lw 'iui,*'* <i dr'/' /*tUK»>*irt ^{u* 

Jirceipitaie ag //,«• /e/r/ii,' ♦./ u'ifh ^ lift. 


l4;\l): Syml. Af. MV. 

170. Occurrence. f^Mid does n(»t occur /Vr#- m 
natun*. idiief on- is galnm f PhS; It is aho found 
111 the form of lea<l carlHmaU*or white lead (I’hCOfi. 

Kmtnu'lion of l^uL— (ialena is pertiully rou*»t<^-«l in u furiiiu^e 
whereby ii portion mi it in rf/iiverted into hu*! oxide (rf>(M 
and Ituwl sulphaW 

GiUenu C)x\gi'ii I.< H'l sul{diutt' 

l»hS -f 20 . •» I'hSOi 

Galena Oxygen Lea<i Oxide Sulphur di oxide 
2rbH -t JKla — 2l'bO ^ 2hOj 

The t<uit{K«rature is tlien iuisim} uithAiit lureess cd mjr. Tho 
oxide and the sulphate reuet ufiott a further fioriioit of Uie 
'^nlphide with fortiiation of ifietallie lead and evolution of 
sulphur di'Oxtdc. 

Lead oxide Galena lvf;ad Suli^hur di'Oxide 
2H/) ^ PbS «* hlu 50* 
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Load Hulphato Galena Lead Sulphur di-oxide 
in>s()4 -f rbs — 2Pb + 2SO* 

171. Properties. “(1) Lead is a bluisli white metal, 
soft enough to 1)0 scnitclied with the finger-nail. 

(2) When freshly cut, it exhibits a bright metallic 
lustre, but on exposure to vinist air, its bright .surface 
becomes (juickly covered with a film of the oxide which 
protects the rnetal from further oxidation. 

(3) It leaves a black mark when drawn on paper. 

(4) When heated in the air, it melts at 330*C. and 
when m<m* strongly heated, it is convei*ted into the 
yellow oxide calle<i litharge. 

(5) Nitric acid attacks lead rapidly forming lead nitrate, 
but sulphuric acid and hydrochloric acid are almost 
without action upon it in the cold. 

Lead is extensively used ( 1 ) in the construc- 
tion of cisterns, gutters, and pipes for the storage and 
distribution of water, (2) for roofing, (.3) for making shots 
and bullets, and (4) in alloys, sucli as jx*wtor, solder, 
type-metal, 

172. Tin and lead compared. 

i. PoinUof nmilarity. -il) lioth are white malleable nictals 
with a bluish tinge. 

02) They easily melt when heated and have a tendency to 
crystalli/.e. 

(«) lk)th are not tough enough to W ilrawn into wire. 

(4i When heated in air. both are convertt?d into oxides. 

(51 Both form useful alloys w’ith other metals. 

il. Poinh of disitimUarity . — (1) I#eatl leaves a mark when 
dra%vn across paiHir. 

(*2) The combining weight of lead is 207 and that of tin 1 IH. 

(3) When heated in air, lead leaves a yellow oxide, but tin 
a white oxide. 

(4) Lead and its compounds are poisonous. 

(,5) Lead is a heavy metal having a Sp. Or. of 11 ; while tin 
has a Sp. Or. of 7. 
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173. Compounds. — (i) lAthur^e or lend mon*oxld« 
fPb O) i% formed when lead is strongly bested in the sir. 
It i« a yellowisli jxiwder which fuses at a full red-heitt. 
It is slightiy soluble iti water, and the solution in alkaline. 
It reudilv disHolvon in acids forming the nalU of the 
metal. It is iintMl in making fimibb* glaas. 

(ii) Hed'Und or minium (PbjOi) in obtained by heating 
litharge loa high U inperalure in a |>ovvcrful currentof air. 

If risl-lead is beaUul to riHlnenH, the absorlawi oxygen 
is driven off and litliarge is U*fl behind. It ia a scarlet, 
crystaliim* iHiwib'r uned as a pigment and in the manu- 
facture of flint glass. 

(iii) ir/oV#^ lend or letul oarlHuiaU* (PbCO,) This 
in prepared by (neciptUiting lead nitrate by an alkaline 
carlKmate. 

Pb ,N(>o. f K/ <), rb('(>i f ‘2KN(V 

It is alfiuisi inHoluble in wat*T !l in a beavy amor* 
phoiiH powder used «s a white paint . hence tfie name 
white lea<i. 

(iv) ( or leiol cbroiiiale. iPbf’rO*). Thin 
i.s obtained In mixing a Holiition c»f |w»t)iH«iiini chromatnf 
(K'i(.’r<)i) with solution nf lernl nitrate or ticetata ; 
chrome \ellow ih precipUale<l hh a yellow {Hiwder ; while 
potassium nitraU' or iwetat** remains in Holutton. It is an 
insoluble yellow substarice us#mI in oil-painting. 

(v) Su(fnr iff lead or leiiff atJ^^tale, i*b((/«f Kf lyli IH 
prepared by disr^olving lilliarg<' in acetic acid (vinegar). 
It in a whiti* solulile Halt much used in caiirr>- printing. 

.V./I, IMack lead in the comnion name for graphite. 
It contaiiiH no Iea4i wbaU^ver It in pure carlKjn. 

174. Tests. 1. The com|K>undH of lead, when 
reduced in charcoal, yield wbiU*. malleable globules of lead 
which leave a mark upon [>apor when drawn aerrosa it. 
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2 Take a solution of any lead salt and add to it some 
solution of potassium chromate. A yellow precipitate of 
lead chromate will he produced. 

Questions. 

• 1. Give tfu! romnioii name and the eomposition of the inont 
important oro of each of the* following metalH -Copper, zinc, tin. 
iron and load. DcMjrihc* a method hy which lead may be* ohtaiiu^d 
from itK ore. 

•2. Give the chemical name, one methcid of preparation, the 
properticH and th« uhch of ; — litharge, white vitrici, sugar of lead, 
blue gtone, white lead, and chrome yellow'. 

S. r)iHtiiiguiHh lK!twoen (<() re<l lead, black lt>ad and whiU^ lead ; 
(b) German silver, quick silver and silver ; (c) an alh y [^nd 
an amalgam 

4. Why arc alloys largely used in the arts? Name the chief 
alloys of coppiM- and tin. 

• ft. Name the compound of eopper whic h is (ormctd when the 
metal is actc'd upon by sulphuric acid, and «*xpress the change^ 
which isH'ur by an ouiiation. How and in what form can thiK 
compound h<^ ohtainea from its solution, and hy what tests could 
you recognise^ the presence* of the metal in it ? 

CalculaU) the wi'ight of ('op|H?r reejuired to prcxluce 10 lbs. of the 
compound in the manner reh-rred to, 

fi. State what Uikes place, when 
fl) /iiic tilings are heated in air. 

{'!) A picH'o of zinc is pla<H*d in a sedution <»f lc*ad acetate. 

(3) Garlsm is heated with hlai’k oxide of et>ppt‘r. 

7. Caloulato the weight t>f eopp»*r that c'aii lx* ohtained bv the 
complete reduction of 20 Ihs, c*f cupric oxide. 

• 8. What is the name and the conij>OHitiou cd th<' chief ore of 
tin ? Ilow is the metal ohtained from the on and for what purpose 
is it used ? 

0. Give the tests for copper, tin and lead. 


CHAPTER XXIII. 

MKRCrRY: Sijmh. Jt. in. SOI). 

175. Occurrence.— Mereury is met tvitli in the free 
state in small quantities. It* is commonly known as 
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tjuick-silvfi . It if» llu* <»niy li4[ui<l Tin* chief ore 

is Cinnabar i H^S). 

Morcurv is <ibtuineil h\ roHstiiit; th*- in a cuiTent 
of uir. Tin* Hulphiir isctxi(h/«Mi uiui u** Milphiir ilioxicle. 

Tin* N«|H)ur of the uielul lisl into u of cool t*hHinlH>rK 

n ln*rt' it is <‘oiuh*nHO(). 

IIj^S -f (».J tmt 

17b Properties, (ll Meivinv is a bright Hilvtr* 
vviiitc iiijiiiii nietul. 

rJ) ll linos not larnish on i‘Nj>oHurn to thn air. If 
hoatoil to a hi^fli t«‘in|M*ratini*, it is slowly convrrteil into 
tin* red oxide, which at a hi^^hfi tnnpcrat un* in af{ain 
decomposed into its <!onstinient elements. 

(3) it is insoluhh' in h\dr<K‘hlone aeiil and in rohl 
snlphnrii’ acid, hiit e»sil\ dissolves in ehlorine and in 
nitrie ai'id. 

(4) M»*reur\ and its eoiii|sninds art* verN jaiisonoiis, 
hilt taken in small (jtiantilies. snnn* of them serve as 
niedieines. 

(.*’>) It dissohes all the metals ext'ept iron and platinum 
to form amalgams. 

Note. An i>> a mixture of merf m v uith an,v other metal. 

/Vftr. M'*n*urv i*< uned ilt f<»r e<uist nietin^^' lln*riintiitc*icrH 
and haroiin'U'r**. for hiI\ erin^f iinri'ors, (it> for ••xtraetinff 
silver and iLjold from their oo *-. and for aiimlf{titinilint{ 
zinc plates in tin* Mjltaie battery. 

177 Compounds, nruL- or rntreunj, <tr nn*rcuric 

o\i(h.' f Ht:( )) is prepared b\ submitting' mercury to pro- 
htnof^d In-atin;,' in air. 


It is a red crystalline jxtwder wbicb, when Htron^dy 
heated, itirtis black anti U'comes deconi|KjHed inU) oxygen 
and mercury. Hence it is Ufa;d fur preparing oxygen 
giiH. It is insoluble in water hut dissolves in Ju;ids. 
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178. TeAt for mercury and its salts. Drop a bnght 
cop|>er piecii into a solution of a mercury salt. The 
copper will be coated with a him of mercury which will 
become bright on rubbing. 


SiiiVKu: Symh. Ag.\ At. Wt. IdH. 

179. Occurrenc(‘. -Silver is f>ccasionally found fn*e. 
Its chief ore is silver sulphide (.\g 2 ^)- 

Kxtraction .—Thv. is roasted with (‘onnnon halt in a fur- 
nace ; silver chloride (Ag (d) and Kodiunt sulphide are fomied. 

Ag,S 4- ‘2Na(’l » ‘2Ag(*l NuyS. 

The silver chloride is shaken up with inereurv and scrap-iron, 
the latter coinhincH with chlorine ; while tin.* mercury dissolves 
silver, forming a li»juid amalgam. iJy distilling mercury off, 
metallic silver remains hehind. 

IHO. Properties. (I) Silver is u soft white lueUil 
with a high lustre. 

(‘2) It is uot acted upon hy air, oxygen, or wati-r at 
the ordinary temperature ; hut it iH‘com(‘S black wljen 
brought near sulphur, a black sulphide being formed. 

(3) It is the best conductor of heat and eleclricitv. 

(4) Next to gold, it is the most malleable and ductile 
metal. 

(5) It dissolves in dilute nitric acid and Ixaliug 
fiulplmric aci<l. 

f V4i.~“-Sih er is u.sed for ornaments, jewels and for coins. 

Note. A litlle cv)pi>or i% added to sthor and goid i'(>m.«t to make 
them hard and thus endure wear nnd tear. 

181. CompoundA. — (i) Sttrrr nit rate or lunar caustic 
(AgNOs) is obtained hy dissolving silver in nitric tveid 
and evaporating the solution to dryness. 

Agi 4- 4HNai »: 2.AgN03 4- 2NO, 4- 2 H 2 O. 

Proper — (1) Silver nitrate U a white crystalline salt 
which eAsily dissolves in water. The solution is used to find 
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the presence of common salt in water, as it forms an insoluble 
precipitate of silver chloride. (9) It is powerfully eaustio and 
destroys flesh ; hence it is used to canWrise wounds. (8) Like 
other silver salts, it turns black by sunlight, chiefly in tbepM* 
sence of organic matter ; hence it is used in photography and 
for making ** indelible inks'* to mark linen gootls. (4) Copper, 
zinc, and phosphoniH, when pluee<l in a solution of silver 
nitraUN se|>anitc the silver in crystalline plates. 

(ii) Silver chloride (AgOl) is obtaini^d by treating a 
solution of silver nitrate with common salt or a soluble 
chloride, and filtering the solution. 

It is a white insoluble salt, but it reiulily disHolves 
in ammonia. When exposed to Hiinlight, chiefly in 
the presence of organic matter, it underga<»H partial 
decomposition, changing its colour. Hence it is used in 
photography to fix the pictures. 

iH2. Ordinary ailver coins contain copper. 

HxpU 10*2. — Cut ti hit of H two-anna piece, put it into a test- 
iiilx* and )Kmr or: it moiiu* nitric acid. i)n warming gcntlv, the 
whole pits'!* will reiuiily disHolve in the acid with the evolution 
of dense reddish brown futiit'H of nitrify peroxide, ai\d a blue 
solution of silver nitrate and c<)p{M.>r nitruit; will Ixs left behind. 

Now, add to this a solution of coiiiinon salt. A dense white 
preeipitaW will b<? thrown doa*n. This shows that the solution 
contains silver. The ehc'iiiical change which takes place is 
expressed by the e<|UHtions, 

AgNOi -f NaCI — .\gCI -4 NaN03 

soluble. Both soluble. 

yi -f ‘2N^ — ^2NaN()j 4^^ 

Filter off the white insoluble silver chloride. The blue 
solution will contain all the cop|>cr. The presence of copper 
may be shown by dipping a clean blade of a knife into the 
solution ; when, red-melalUe copper will be deposited. The 
preaeikce of copper mav also be proved by the ammonia teat. 
165. > 
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Note I. — If the ju^lution in acid, it Mhould he first neiitrali/ed by 
an alkali ; otherwine, the blade wit) simply di.sHolve in the arid, no 
copper being depoaited. 

•Note a. -The Bilvor maybe aepara ted from the precipitate of 
ailvcr chloride by mixing it with sodium carbonate and heating the 
mixture strongly with the blow-pipc; dame in a hole made in a piece 
of charcoal. 

IHd. Test for silver ntu^ iftf naltit. — Nfake a solution of a 
ailvcr salt. To one* poriioti of it, add some sohitioii of common 
gait; a whiW curdy preripiiatis soluble in Humioiiia, will be 
produced. If to another {>ortion we add some poias.siutii 
chromate solution, a dark red precipitate will l>e formed. 


CtOlJ) ; Si/iuh. 4*1 «. ; Af. MV. IfC. 

184. Occurrence. Ciold is uIwiivk found in the 
Btato hut cucloHed in quaiU. 

(i) Properties. 1. Go’d is a hoavy metal jmjssoss- 
ing a brilliant yt‘)low oolt>ur and high lustre, in thin 
filtna, it traiiHiuits greon light. 

2. It is the most malleable of the met.al«, and can he 
drawn out into fine wire. 

3. It never tarnishes in air or gets stained with 
sulphur like silver. 

4. It is not acted u}>on by any single acid (except sel- 
enic), but dissolves in the prestmee of frtrij chlorine and in 
nilro-hydrochloric acid known as m/Ha rej/ui or royal water. 

(ii) Cto\6 U UHcd for coinage and jewelry'. In the form of 
lemvea, it ib umsl for gilding, 

185. Aqua Regia is a mixtuixf of one part of nitric luud 
and 3 parts of hydrochloric acid, and is so called because* 
it dissolves gold, the king of metals. The action </ nqva 
regia : — Nitric acid liberates chlorine from hydrochloric 
acid ; this ohloiine acts upon gold foniiing gold chloride 
(AuCl».) 
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Qu«stioii;». 

1 Name one of the most imporisnt or(»« of mercury and silver 
and doHcriho the nrocens of oxtraetinf; the metaU from t^eir ores 

• 2. ( Jive the chief pro|>«*rtieii of mercury and mAguesium. 

3. What taken place when : — 

(i| Mercu^' in heatcNl in air. 

<ii) Silver in left in ooiitai't with *iulplnir 
(iii) A gold-riuK i** pla<‘ed in a dish of mercury. 

|iv) flydnx'hlorie acid in mixed with nitri.*' arid. 

(v| A Molution of common milt iNiiddtKl in a solution •>[ silve nitrate. 

4. Calculate the weight (d the Kuhstanees forminl, fti) when 10 
grs. of mercury is heated, and (^) wlieti the same weight of com- 
mon Halt is aildefl to a M>lutioii of niilver nitrate. 

• 5. How will you show that a two-anna piece contains copper? 
(i. (Mt (live the chief propi-trlies of silver and gold. 

(h) Of what UHo is the coppi'r in silver and gold coiiin? 

(c) What great advantage has gold o\cr silver in its use as an 
ornament ? 

• 7. How are the following Mihstaiices pn^pared ? K**d oxide 
of mereury, chloride of silver, and lunar caustic. (Jive their chief 
propertit's and imes. 

• H. Silver chloride is an insoluhle and cupric chloride a soluble 
Halt. Ksplaiii clearly how. taking advantage of the al»ove facts, 
the silver could lie m'lMiratod from the cop|>i>r in a solntion contain- 
ing silver and cupric riitrales. 

Supposing you had sucew^ded in Moparatiiig the silver from the 
copper, how would y*ju prcK»ecd to teat for c<»pper 

9. What is aqua regia ? Kxplaiii Its action upon gold. 


CHAI^TKIi XXIV. 

GENERAL FACTS. 

The elements that are found in the free 


Meiah., 


isr>. 

sUU: 

Non -me tala. 

(1) Oxygen. 

(2) Nitrogen. 

(8) Carbon. 

(4> Sulphur. 


ill Hold. 

(2) Silver, 

(8) Mercury, 
fti Copper. 

(ft) Plaiintjtn. 

(6) Iron (very rarely). 
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Note* — Oold occurn only in the free state. 


187. Elements that oxidize. — (i) By mere expoeure 
to air, (or by heat) : 

Karnes of the elements. Names of the oxides and their symbols. 


(1) Phosphorus 

(2) Potassiiitn 
(B) Sodium 
(4) Calcium 
(B) Iron 

(ii) When heated (only > : 

(1) Sulphur 

(2) Carbon 
(8) Silicon 

(4) Aluminium 

(5) llagneRiuiu 

(6) Coj>i>er 

(7) Tin 

(8) Zinc 
(0) Lead 
(10) Mercury 


Phosphorus anhydride (PfOj,) 
Phosphoric anhydride (P^O^) 
Potash (K,0). 

Soda (Na,0). 

Quick-lime (CaO). 

Iron oxide (FeO). 

Sulphur di-oxide (SO,). 
Carbon di-oxide ('O,). 

Silica <Si(>,). 

Alumina (Al,Oa). 

Magnesia (MgO). 

Cupric oxide (CuO). 

Tin oxide (SnO,). 

Zinc oxide (ZnO). 

Idtharge (PbO). 

Mercuric oxide (HgO). 


188. MeUla which do not tarnish In air. 


Gold. 

Mercury, 

Tin, 

Silver, 

Aluminium, 

Zinc, 

Platinum, 

Magnesium, 

* liCad. 

1 89. Occurrence of metals. — ( i ) 

Mentals whom* ( 

are mlphidts. 



Msisl. 

Ore, 

Symbol. 

Iron 

Iron Pyrites 

FeS,. 

Lead 

Galena 

PbS. 

Zinc 

Blende 

ZnB. 

Mercury 

Cinnabar 

HgS. 

(Coppor giMiM 

CuS. 

Copper 

i Cupnc sulphide 

Cu^S. 

Silver 

(Copper pyrites 
BUver aiilphide 

Cu,8 ^ Fe,S. 
AgtS. 
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(ii) Metals whose ores are oxides : 


Iron 

( Bed Hieinatite 

Fe.O,. 

( Lode-stone 

Fe304. 

Tin 

Tin -stone 

Snf),, 

Copper 

1 Ruby copper 
(Cupric oxide 

Cu.,0. 

('u(>. 


190. Properties of metals, -(i) The properties which 
iiutinguinh metaU from 

(1) Metals have the jviwer to replace the hyiiroj^en of 
acids and forrn salts. 

(2) They have a shinin^^ surface known as the metallic 
hiHtr€^ 

(3) They are opamie. 

(4) They are >^ood conduct4>rH of heat and electricity. 

(5) They all appear at the ne^^ative pole in the 
electrolysis. 

((}) They do not form compounds among themselves. 

(7) They are generally malleable and ductile 

Note.- Silver Is the c^ondneter of heat and elot tririty ; Kr»ld 
is the most nialleahle metal, and platinum the nnmt duelile ni<aal. 

(ii) Metals thnt ranhe volntnlized . - Mercury, zinc, mag- 
nesium, ]K>tassiuni and sodium. 

(iii) Oofr/ur. - WAiVe ; —Silver, platinum, aluminium, 
iron, mercury, tin, niagneHiiini, {K»tassitim, and sotliurn. 
lied: — ('Opirer. Te//oir; Gold and calcium. JUnish :~ 
Zinc and lead. 

(iv) MeinU which can tnkr rrtfstnlline ftoin : Zinc, tin, 
lead, and copper. 

191. Elomcfltx that hare allottojdr forwg. 

1. Oxygen ; — Oxygen and ozone. 

2. Carlron ; -Diamond; Graphite; C'oal, U^tler charcoal. 

3. Bulphur : — Octahedral ; Prismatic ; Plastic ; White 

amorphous. 

4 . Phosphorus Yellow and Ked. 
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5. Silicon : -Crystalline ; Amorphous. 

192. (i) lieducinff agpnts : — Carbon, hydrogen, sodium, 
Hulphur di-oxide. 

(ii) Oxidizing agenltt : Nitric acid, ozone, nitre, potas - 

.siurn chlorate. 

(iii) Kjlforenant (ireen vitriol, blue vitriol, 

wushing soda. 

(iv) rhdigup>trt-nt sttiftt : — Potashiuui carbonate, calcium 

chloride, amnioniuin carbonate. 

^v) (xanes that can he prepared by Hf)ward dtJtplacemeni : 
Hydrogen, coal gas, ammonia. 

(vi) ClaHOH that are prepared hy doirnward di.tjAaceinenf : 

('arhi>n di-o\ide, chlorine, hydrochloric acid gas. 

(vii) BImrMing agrnti : Chlorine, sulphur di-oxide, 

ozone. 

\viii) Dnfluq (Kji nts : Sulphuric acid, (piick-lime, caus- 
tic potash, calcium chloride. 

(ix) Sonit} rryntnllinc minerals \}roi\uck*d in the earth by 

crystallization, felspar, heavy-spar, fluor-spar, 
calc-spar, ijuartz. 

(x) Alhdwit ; -Amnninia, caustic potash, caustic soda. 

193 Chemical conduct of Sulphuric acid. 

(l) dr/iMi »*» laffa/n.— ^When Sulphuric acid acts ujxiu 
a metal, hydrogen giis is evolved and the Sulphate of the metal 
iH formed. 

/n -f H,SO» * H, -f ZnSO* 

Mg + H,SO. •« H, -f MgSO* 

IV ^ H.SO* — Hj -f Peso* 

Note. When the acid acta upon copper. iu«»rcury, sulphur or 
Aiarlioii, auiphur in c\x»lved. 

S -f 2I!,S1>4 — 2H,0 -f 8SO^ 

i'u -f 2H,SO* SO, -P CuSO* -f 2H,0 

C -f 2H*SO* — 280* + CO, + 2H,0 
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(2) yiction on oaeirfen,-^- When the uoid ai'U in»o« nxidoH, i!u‘ 
hydrofjen of the aohl uiiiti'K with Uie ox\ ^on of tfio oxide to 


form water, and the .-^ulidiaie of the niotal 

is left. 

MrO 

d- 

II, SO, MrSO, d 

H,0 

/n<» 

d- 

H.,SO^ — /nSO, 4 

II d> 

( hO 

-f 

H^SO, «i CiiSO^ -i 

11.0 


(*'h Ar/toii <Hi nikafin. The arid m'ntrali/e'» the alkali 
w ith the forumiioit of water and a Hu}|>hAte. 

2 KOH -f «. K,So, 4 

2NaO!l 4 H,S<>, -» Nh,S<)^ f 2lf,0 

(4) Action on cnrhonttictt. Wlien the arid aetn upon earhon- 

ateK, earhoii tli-oxide ia evolved and the stilphaie of the iii*‘lal 


i*. foniit'.l. 




+ 

il.so, -B <o, .( 

K,SO, 4 

H,o 

(■«.<•(),, + 

11, «0, — tU, H 

( hM>, ' 

11,0 


H.SO, (’<>, 4 

N»,SO, 4 

11,0 

in) Ariimt on nt fra /e*,-- When the ii< 
nitrie acid v a {tours are foriiK'd. 

id fu^ln II {toil 

nitrate 

KSo., + 

U.SO, > UNO, 

d KIISO, 



11,80, . UNO, 

; Naif SO, 



(rti Ariinn on nut)thiAi*ii. H.vdrojfen >ul}ihide evolved and 
the sulphate of the iiietnl }m fonned. 

FeS -f — FeSO, i II, H 

CuS -f U.S(\ — ^ Cui-’Oj -p H,S 

l7ii Action on rhJoritleB , — Hvdroeldorie acid is ci\ol\ed; 
whihf the sulphaU* of the iitetal in left. 

CnFI. + — t aSO* -4 2 H( I 

2KAn -f H,80, — Na,8<l* 4 2H<*I 
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194. Soluble mnd Insoluble 5alU of the same 
Metal. 

AfetiiU* Soluble SeUtfi* Inaoluhle SalU, 

Calcium. (1) Quick-lime. il) (''haik. 

(2) (xypHiiiii. (2) llone-earth. 

<8| Calctutii chloride. (Hi Fluor-gpar. 
l^ad. (11 Huf'ar of lead. (1) ('hrorae yellow. 

(2) Lead nitrate. (2| White lead. 

Magneeium. KpHoin SalU. MagiioHium carl>oriatcK. 

195. Colour of the oxides : 

White. Red. fflark. Yellow. 

Potagh. Mercuric oxide. ('upric oxide. Iron ruHi. 

Soda. <hif>rouK oxide. Manj^^anoRe. I.itharf^e. 

Ma^iOHia. Hed lead. Dioxide. 

Alumina. Ucd Uteinaiite. Lmlentone. 

Quick -lime. 

Zino oxide. 

TiiiRtone. 

196. Action of metals on water. — (i) MeuU which 
deoonipoHo water at all temperatures : Potasgiuin, Hodiunif 
and calcium. 

(ii) MetaU which doconipoHe water of high tempers, 
tares : Zinc, ruafvneRium, aluminium, iron and tin. 

(iii) MetaU which decom|)OH€^ water with the Mp of 
an arid : Zinc, iron, aluminium and mai^nesium. 

(iv) MetaU which tlo not decompose water under any 
citrjtinstuHres : Copptu% Rold, silver, mercury and platinum. 

197. Alloys: — lied or ^lUtw . — Hross and bronze. 
(Ireij or white. — Pewter. Solder, Britannia inetal, German 
silver, and typc^-metal. 

198. A method of findiniT the combining wein^hts 
of elements. — Each of the nunil>enii representing the 
combining weights of elements has been found out by 
experiment, that is, by the analysts of their compounds ; 
thus, when several compounds of oxygen arc analysed, 
the smallest proportion of oxygen in any of these com- 
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}>ound8 is taken as the combining weight of oxygen, e. q,, 
wlien red oxide of mercury is analyscni, we find that /or 
every 216 parts by weight of the oxide, there are 200 
parts of mercury and 16 of oxygen. In cailmn di-oxide 
for every 44 parts hy weight of the connK»und we have 
32 of oxygen and 12 of carbon; in chalk for every 100 
parts, we have 48 j)arts of oxygen and so on. Kilxnng 
the smallest nuniher denotifig the projMirtion in whieli 
oxygen enters into chemical comhination with u unit 
proportion of any other tdement, this nnmixu* is taken as 
the combining weight of oxygen. So for other (‘lements. 

Questions. 

I. 

• 1. ( ’laisify the follnwinji MitistuiH fs intu *'l»')ncntur> atid entn- 

pound ; — ( uriwuih' ncid, rliloritM*. chulk, (Jiltunlf of pnlHhh, 

roek-sftit, Hilicoii, Kalt|k‘tr<‘, iiiiiiiioniu, 

tjuari/, lKJ!u**uHh, nilif rt, ^f#*:ntion the ehuiHUitK of whirh tlm i*oin- 
pouixit cnnsibl, 

• ‘i. CIsKHifv tin* following KnhKlunr<*H nnd«*r (he In uds (1) i le- 
inents, (2) ( Inuniciil coinpf uindh, or (:t) irirc hunicui inixturrH, and 
in each cam? givnthe r«*Hv»in» ff»r your el»**K»fi«’iitiori -Cottl-nuK, wn- 
waUT, hrini'^Unic, hrasa, uhitc-h’iid, <iui< k bilvtu , him k- lend quick- 
lime, gun jM^wd^ r, 

• a, Nairn* the infint iin|K»rtant non inrtallic »’h inent« which am 
met with in nsiturc in the conihiiuMi Mlati* only, al'io the mont <r»m- 
inon rompoumlM in which thev rK-nir Mc*nt»on wiinu of the pro. 
purtinH of ear'll of tliciM* eieiiicntH and Ktiite how ai>y two of them 
may he obtained from the ci iu|M>und^ which you name. 

• 4 Nnine the imiiortant im tallte elemeiiU indieatiiiK which do. 
and which do not rw rur in tin* friM' Mate. Mention w hat you c on. 
sidor to Ik* the niowt iiiifxu'tant coin]JOiind f*f cmdi element, and 
state anything of imiK>rtance which you know concerning the, com- 
pound MdecU-d, 

• 6. Xame .V elements which undergo chemical rliartgca hy ex- 
poinire to the air at ordinary or at high temperaturea. DcNcrilie 
briefly all the phenomena which accompany iheae changes and 
name the products. 



142 


CHKMIBTKY. 


l^CMAr. 

• r>. The inolallic or non-metallic nature of certain elenienU can 
be roco|pi 2 od, you are told, by their appearance. What are the 
proportioH rcferriHf to, and how do<vs a knowli*d^e of them enable 
YOU to d<H'ide wlietlier an oloment ia a metal or a non-metal ? 

• 7. Name the c^jmpoundH fonned and Ktate what you net: when 
the following elemunta are heaUid in air or oxygen : MagncBiuni, 
Bulphur, Carlxm, Bodiuin, Copper, Phtwphorus and Zinc. the 
compounds thus produriid exhibit any iNtinis of roHemblance or 
difference? If so, name them. 

An#. (1 ) The oxides of carbon, sulphur, sodium, and phosphorus 
are soluble in water, that ed magnesinm ts sparingly 
sfjluhle ; while those of eoppe^r and zinc are insoluble. 

('2) Tht‘ iixides of carbon, sulphur and phosphorus are acid 
forming ones. Hi'in e they turn blue Irtinus patKjr red 
when disar)lved ill water ; that of magnesium is slight- 
ly alkaline, that of sodium, slnmgly alkaline, wbib* 
thots* of zinc and copper are neutral . 

(d) The oxides of the d non -metals arc gaM?s, while lho*a‘ 
of the others arc solids. 

(4) The oxide ofeiirivjii is colourless, that of eopjHT is black 
while thoHi* of the other elements are white, 

(f») The oxides of sulphur and phosphorvis jh>sh*^ss a : 

and till! oxides of carUm and other elements have no 
smell. 

• 8. t Kight gases are shown to you. • i;., oxygen, nitrogen, 
chlorine, earlxiti iiKinoxidc.carbtm <li-oxide, Hinmonta. and sulphuret- 
ted hydrogen. State the f<)l|owing i»artit'ulars concerning each of 
them, i^a) Its colour. (6) Its smell, (r) Wid it allow a candle to 
bum in it? (d) Will it take tire on application of a dame, and |c) 
if you were making it, would you try and colle<*t it over waU‘r ? 

• I*. What chemical changes tiike place when the following sub- 
stances are heated ? i’hlorate of iHUash. chalk, gun-pt>wder, red 
oxide of mercury, sulphur, phosphorus and a mixture of salt petre 
and sulphuric acid. 

• 10. From what maU'rials are the following suhsUiuees prepar- 
ed ?— Nitric ludd, phosphorus, lintf*. plaU" glass, flint glass, chlorine, 
siilt-p*'tre and silver chloride. 

t This questiou should lie answered as follows, assuming that 
Marsh gas had lieen askixl : — Marsh gas, (.») Colourless, (h) No 
smell, (c) No, (d) Yes, (f) Yes. 
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• 11 . (iivfc the «rc>!u|n»Hitii>n of tin* foUowin^ r*uhHiii}io«*i>i , ?iitrr. 

slaked diamond, Ixmo unh, r««<Mra<i, luiat k load, Mddt«r. 

fol-s|mr, ruby, HpirtU of hart-horn, laughing ga*.. and nH'k crvHtal. 

• l‘i. Fivo gla^s r*\liiuh‘r«< aro giv<Mi you rout aiii tug roKjxH'iivoly 
oxygon, liydrogfu, uilrogoii. curbonu' wid and rhlortitr. How 
would you idctitif\ t)»r diflon'Ut ««-#•>• ? 

IM. (’ulvulatr th»' Weight of ziiu* mid ?«til|duirir m id re^juirMl to 
produc‘«‘ hy»lr<ig<‘u wiifiieiout for the eompleu- nulurtuui of lh>, t*f 
tMiprir oxidiv 

• 14 Whut luoiiot hy s^ixiuythal the l oiuhiitiug weight rd 
oxyg. ji is Iti .* ll(*\v has this iiuiuIm r Ih«*u d«‘t« tiniued ; 

• ]fi. Ifow ran you show the pr«‘-eiiee <d (I) earlxui iti sugar, (*2) 
ehhiriue iu « ouniion Halt, silver in lunar eiiustie. (1) eop^mr iu 
blue -t^uie. (/i\ sulphur in Kun-|M>wder. d*) h tul in litharge? 

Hi. The following suhstanees are gixen von, WTiat HtihstaneeK 
eould you prepaie from them'* (‘omnuui salt, oil of vitriol, lunar 
caustic, zinc and t halk. (iive ei|iiations lepn-senting the ehemical 
ihange. 

17. What precautions sluuild U* taken in llu priparatioji of 
Chlorine, hvdrogeii, potfthsinm, <iiiistic sinla and phosphorus'^ 

II. 

I. Two sample- <d \vat«'r are giv^ui to vou ; oiu i . a hard water, 
ami the other is distilled water f>eM*rili«’ two niel hods oif distin 
guishing lad ween th* ni. 

‘2. AniiiioFtia i*« e|as!Nk*d hh an ulkuli wliv ’’ Name some of the 
sounes fnuii whieh i|i<ari !*»• ohiaitied. ami givf it- composition. 

d. What names are given tt» the eompound- which metals form 
with oxvgeii. with chlorine, and with sulphur resjM’ct ively. 
two examples of each, and dcM riU* tlu ir ttpjH-nran<*«- and character 
istie projwrties 

4. Stat<‘ the r hief pro|M rli« s of the gas whuls is evolvi'd when 
copiar is heated with sulphurie a'id. ( 'rvKlalli/ed sniphahe of 
cop p«u w*as shown to you ; dewnls itsapi'K arunee, M<!tatlic t opper 
is oaaily s«.:>parHUfd from the a<}Ui*^»UH Holution rif the salt ; how? 

Name four of th<* gases imtst Mduhle in v\at<‘r ; what happenn 
when solutions of these ga*Hfs are healed. 

f). Of what subwiaiices i- the air lonirmw'd ? ffow do you know 
that the gaM**, present are merely mixed together and are not com- 
hinerl in the fonn of a fJiemiral romp</urid ? 
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7. l>raw the apparatUK you have Heeti uaod in making chlorine ; 
name the materialH required and nhow how they are Ufied. l^eecrilie 
what ift Been when phosphorus, turpentine and heated sodium are 
put into chlorine gas, and tiatne the substances which are formed 
in each catM). * 

H. Name and descrilK5 the properties of the metals which may 
1)0 obtained from {a) clay, (b) soda. 

9. What HiihstanceH are formed when potash and lime arc added 
to separate jiortions of hydrochlnrit* tM ui and when nitric acid is 
poured upon a two-anim piece? 

10. What orjcurs when nitre is placed in water? If the liquid 
is heated and more nitre added, what happens then? If now the 
liquid is iKiunKi off from any solid nitre that may remain and is 
allowed to co<d, what is the result ? 

1 1 . iH^si^rilM) the apparatus for making pure drinkable water from 
Hua-waler. 

1*2 What is iron-rust? How is it formed? A piece of iron is 
put into dilute liydro<*hloric ucid. What happens? 

111. Utnv may soap Ik* prepared? What is the difference in 
ehi'inieal <’onipo.sition Is'tween “hard" and “soft" soap? T>es- 
<’ril»e the action of soap t»n hard water. 

14. State the characters or simple t<‘Ht.s bv wbieh you would 
recoguist' the products of burning carUni. phospborus, sulphur, and 
iron ill oxygen gas. 

15. What is meant by saying that a wdution is saturated ? How 
would you prove that no lof,.H td weight oceurs when a sulMtaiice is 
dissolved in wat«?r ? 

l<». What is the composition of lime stone ^ Name other sub- 
stances of the same com|H)stti<»n. Kxplain what occurs w'hen lime- 
atj>ne (1) is stiongly heaUsl ; p2> is pla<*ed in dilute hydriK.hloric, 
acid. 

17. DescrilK) with a skeit h any inotho<l of showing that Imnit 
hydrogen is water. 

18. Yon have Ihhmi told tViat nitric ami hydnx hlorio acids have 
the pro|Hirtiefi bidonging to arid in general ; what are theat^ general 
pro[Mjrtiea ? 

19. What is the composition of the t%vo principal ores of iron ? 
By what proevos is the metal exirat^ied from iheae or^ ? Name 
the chief miMiitications of iron oi'carring in Commerce. How do 
they differ? 
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Appendix B. — 


Nam©. 


Colour. 


' I 

Smell. I w 


Whether Boluble. 


Oxygen ... | Colour lew 

No amoll. | 

i 

1 105 

Slightly 

! 

Hydrogen ... I 

( 

do. ... 

do. ...| 

1 

OtMjy 

Very elightly . 

1 

Steam ... t 

do. ... 

do. .. 

0-622 

Conaidorably . 

! 

Kiirogon ... ! 

do. ...1 

i 

do. ... 

0 072 

1 

Very elightly . 

Ammonia (NUa) .. 1 

i 

do. ...| 

Pungent...'; 

0 580 ! 

Extremely 

! 

Carbon di*oxide ; 

(CO|). 1 

do. ... 

i 

IMoaeantly 

pimgout. 

1‘52 

Moderately 

Oarbou i»on<oxide i 

(CO). 1 

Coal-gai ... i 

do, 

I 

Faint 

ao7 

^ Slightly 

^ 1 

do. ...1 

Strong ... 

0125 

do. 

1 

Chlorine ... | 

Qreenieh j 
yellow, j 

1 Strong 
euffocat* ! 
I ing. 

215 ' 

Conaidorably 

Hrdroohlorio acid i Coloorleat 

1 Pungent. 

1-25 

Extremely 

fittlphar dl-oside | 
(SOi) 1 

do. ... 

i Soffocat* 

1 

22 

do. 

Solphoreiied by* ! 
drogen (HjS). j 

do. ... 

! Offenaive. 

i. . 

12 

Moderately 

Martb gae (dHtl... { 

do. ... 

i No emell. 

055 

Very alightly 

Nitrone oxide (NiO) j 

do. ... 

do. 

1 52 

Somewhat 

Kiirie peroxide 

Reddiih 

Suffoeat* 

1 55 

Slightly 

(N 1 O 4 ). I 

brown. 

ing. 

1 

1 

1 
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A Table of Gases. 

I * c £ ® i . 

k f a 

t ^ H St 

,s , ^5 

.ti**® How coll.H't«Ml. 



Tentii. 


I 

W*; bril-| No . ‘ Ovi^r wmtor . K»VintHo« ii r<Kl*ltoi 
iiantljr. j of wrx>d. 

iNu Over water, or i Burnt with n pnln hton 

\ utueflnrne. hj upward €ha> < flame, form iiig water otdjr. 

placement. | 

I No . No .. By upwarti »Ht- ■ It oanily rondenaod Into 
f i plarnment. water by <?old. 

' No i No ’ Over water * A ta|>er put out, lima- 

i i water not turned milky, 

t No ... No By upward di«. ' Turnt moiti md litmus 

! ' plamment or paper Moe. 

j over meroury. ' 

I No . * No . By downward Turns lime>waUr millry. 

I , I difipta.'*ement. 

No ..•! Tea, pale, Over water Smell and the pale blue 

jbloeflatne.. ^ colour of flamo. 

No .. Yes,bnftht do. Hm<dl and the luminous 

j flame ; flame. 

’ Yes, lurid No *...; By downward Colour, smell, sparks of 
amoky j displacement. ' fire with anttmonjr powder 

I flame. \ 

i No ... No ' Bj downward ' Fumes stronfi^ly in ths 

1 diffilacement. ; pr«uience of NUssoluiicm 

I No : No do. ) Hrneil of ineifer matches 

i i J 1 ignited. 

I No . . I Yes . Over mercery or i B met 1 of rotten eggf, 

' irtrm water. 

No .. .| Yea, palej Over water ... j 

Yes; bril-f No | (irer tearm wateri Bweetish Uste. 

liantiy. * 

No ..‘No -By downward' The reddish brown 

displacement. : colour. 
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Commou \ 

Chemical Kanie. 

tChemical formula 

Fef^piir 

Silicate of ttluminium undl 



tJ Si ()2. 

Flint 

HilUnin cii*oKi<ie 

1 Si O2 

Flut)r«Spir 

Oalciom Huoride 

I Ca F* 

Gtilena 

Liuid ■ulphido 

j Pb S 

GlAobfrr'ii Milt* 

Sodiitm Kiilplmte 

. : Nax 8O4 

Gr®en vitruil 

! Ferrnna aolphate 

I Fi‘ SOi 

Gypium 

('Hlciitm eulphate 

1 Ca SOi 

H<»avt ifnir 

HaHtim vnlphate 

1 Ra SO* 

loi> 

Hydrogen monoxide 

1 H2 (i 

Iron rii«t 

Ferrowa oxide 

Fe 0 

Iron pyrit#« 

t Ferric aulphitle 

■ i Fe 8f 

Iron tulpliide 

Ferroue aulpbide 

i 

: Fc s 

nitmt© 

Plnmbir nitrate 

' Ph (NO3) 

Liot^ or quick-lime .. 

, Calcium oxide 

. ' Ca 0 

Lime*eton© 

Calciam carbonate 

Ca COs 

Uthitx*^ 

l^eed monoxide 

Pb 0 

Lod^vtone or mni^netir 

! Peroxide of irtwi 

t Fe:j 0* 

oxide of iron. 


i 

Lnonr cAnttic 

Sileer Nitrate 

. Ag NOs 

Magnetin 

Magneaiam oxide 

MgO 

1 

Marble 

. Calcium carbonate 

jca C05 

Nitte or taltpetre ... 

; Potanaiam aiime 

? K NO3 

riMterolParia 

i Oafeiam ealpbale 

Oa 81>4 
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A TaHLE of SoMOS ~ro)i/ 1 



\Vh*'t)uT 


Fn^pnra- 

ttOD, 

I pro|H»rtiep, 

Colour. 

‘ Mnluhlo 
til Wiilor. 

rryntnUiTif* or Amorphout. 



1 UACN, Ac. 


No 

Cry Htullinc rhombic prinni 

.. p. lOB. 

I 

Ihirk, i)ull 


ii>or|tiiouii 

. 1 p. m. 

Iniik «!«*/• 



('oloiirlohK. 

<»r 

(lurplf. 

No ... 

OynluUloc • cnbtcal atiupo 

1 p. 18N. 

i 

) 

linM ikIj 

No 

(‘ryctallinc ■ cubicol iihapo 

1 p. 127. 

hi: o . 



i 



CryntMlHiin priffinatir 

.. : p. 110. 

l'u!f 


('i yntoUinc • nioitoay tiimrii ic 

* p. 107. 

Wmto 

t^jwr- 

Arm»rpho«ia 

' p> 112. 

lin 

lOj^l V 

No 

(’rvfctfillir c . rhombic fi»rm 

1 

. , p. I.?H. 
j V '*k». 

VVInt.' 

V<*« 

OryiitnHifi«‘ 

o}.:iqao. 



1 

nr«»wfi 

N<» ... 

Afoorphoim poirdcr 

. i p. 105. 

Hi yollrtw 

No 

rryntalliio' cubical form 

. i p. 105. 

Dark yolhov 

No 

Atooiphoun 

. p. 01. 

inh Kn*y 
Whitr 

Vioi^ 

CryataUino 

, p. 120. 


Sfiar- 

A loorplioui 

i p. UK 


inviy , 


1 

do. 

N«> 

Mtiatlr amorpboua 

. i p. uo. 

Yollowiwli... 

No 

CrMtfulhnc powd^v 

p. 120. 

Black 

No 

llntd, nmorfihoua 

1 p. 105. 

Whifo ... 

Ve* 

(Vviftallinc : rhombic 

. ! p. m- 

do. 

Spar* 

Aiuoridtoua fw.wdcr 

ip. 118. 




1 

do. 

Nr> ... 

OcHtaniiio and frrunular 

. , p. 111. 

do. 

Yc« 

Cryai&littiot rbumtic prism 

i p. 118. 

do. 

Bpar- 1 

incrlv 

Amorphous 

. i p. ua. 


I 
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Appendix C. — 


Common Name. 

Cheiiitcal Name. 

Chemical formula. 

I’eUah 

, PotHsaium oxide 

K2 O 

PotHHhOK 

1 PoUiSMium carbonate ... 

K2 COa 

Potaaaiurn i'rrro 


K2 Ftf (‘ ’N)(i 

cyanido. 

Quartz or ll<K*k 

1 Silica or silicon di.oxiili*. 

Si < >2 

orvNtal. ; 

llmi lliomatito 

F«*rric oxide 

F*‘2 i >;i 

End lead 

i Per*ox id«!» of lead 

Pl>3 C > 1 

Kcd oxide of iiK^rcurv 

MercMirie <>xule 

Hg () 

Bock •salt 

Sodium chloiide 

Na n 

Baby 

1 Aluminium oxide 

Ala 

Uuby copper 

, TuprouH <ixid« 

1 t*u2 O 

Sabammouiac 

Aiiiinotiiuin eblorido 

i NH4 Cl 

8and or ailicu 

‘ Silicon ili'Oxide 

Si (>2 

Sapphire 

Aluniiiiiuni oxide 

Ahih 

Silver chloride 

. Argentic ciiloride 

AgCI 

Slaked lime 

Calcium hydroxide 

Cm (t)ll)i 

Slate 

; Alutninitim silicate 

.\l2 0.1, 2 Si Oa ... 

Soda 

Sodium oxide 

Naj O 

Soda* cauMtio or alkali 

Sodium hydroxide 

NaOH 

Spathic iron ere 

Ferrous carbonate 

Fe v'03 

Specular irtni ore ... 

Ferric oxide 

Fe2t>3 

Sugar of lead 

Lead acetate 

Pb (Ca H3 Oa)a. 

Sulphur, Brimstone .. 

Sulphur 

s 

Tin ’atone 

' Stannic oxide 

Sn (>2 

While lead 

; Lead carlMmate 

, Pbt’O,, 

Washing soda 

, Sodium carbonate 

;Xrt2C'<»;| 

ViThite vitriol 

Zinc sill phate 

ZnSOs 

*A\no white 

; Zinc oxide 

; Zn O 


The tdlM of poUMiaui, todiiiin, magnesium and 
calcium arOf as a rule, white. 
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A Table 

OF Solids — continued. 

Whether 

}*i'epa ra- 

Colour. 

Moluhle 

Cr\ ntulliiie or Atnor)dioiii< 

tion. 


,in water. 

propel t i««M 
«»Kes, Ae. 

' 

* - 

- ■ 

' 

Whiti> 

Yen 

.Ainoi jilnmn . , 

p, 117. 

.lo. 

Y I'R 

( >% ntMlIitM* : pi'iniitnt ir 

p. 11H. 

Yfllow 

Yen .. 


p. los. 

CulourioNii . 

No 

Crystalline - hexagonal {o ietnai it 

p IHh 

R»nl 

N f) 

morfihoiin 

p. lOo. 

Seal let 

No 

t.'fvslulline, itowilei 

p. 121». 

Red 

Nil 

do. 

p. 131. 

. White 

Yen 

Cl VHliilline : culiiciil .. 

p IHl 

R.'.l 

No 

Crvntalline 

f*. PH*. 

Red 

No . . 

.\fitor|«hou« 

i p 121. 

While 

Yen ... 

Crvntttllme oetahedtal and 
t tee- like. 

, p. 72. 

do, 

No ... 

Mostly (T^ntaDine 

, p. IHl 

Hlue 

No . 

(jryntailiiie 

j p. lOB. 

White 

No 

A 11)01 |di(iiiN . . 

‘ p. 133. 

do. 

Spar* 

in^^ly. 

A morphoUM powder .. 

P ni. 

Black ish . 

No .. 

Hard, ntnorphotiN aolid iilM»win)/t 

; p. i<n*. 


• 

eleavHn**. 


W'hito 

Yea ... i 

.Aruorphoiia |M»wiler 

i p. 1 lo. 

do. 

Yea 

Hurd, porous, itiitorphona , , 

j p. 116 

Black 

No 

Atnorph'.i.s 

p. Ida 

do. 

No 

Cr> nittlline . hexH}(onid 

p. Wo. 

White 

Yen 

Anit»rph'Ois 

' p. I2l> 

Yellow 

No , 

Both cr> stuiiine mid arno^photi* 

; p. 

White 

No 

do. 

\ p. I2d. 

do , 

No .. 

Crystalline powder 

p. 12B 

White, traim* 
t>areut. 

Yea . . . 

! 

CryMtalline : niotioay mnrietric . . 

; p. nth 

White 

) Yea ... 

Crratalline ; rhombic priaoni ,, 

p. 120. 

do. 

i • , 

Amorphobi 

p. 12B 

s .. 


.. - ... 



(2) Tbe mlt« of potMuium ao4 »io<lium aro in a*a(t<r. 
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Appendix D. 

MADRAS UNIVERSITY QUESTIONS. 
DPTEMBER 189H. 

I. You hav** j'iven vou six glass cylindors. each of which 
contains one of tlu; following gases : -ox vgen, air, hydrogen^ 
nitrogen, hydrochloric acid, carbon dioxide. How' would you 
identify eacli gas ? 

II. Describe the appearance and state whut you know con- 
cerning the cortipositian and properties of the following sub- 
stances: — washing soda, gypsuni, Glauber’s salts, oil of vitriol, 
graphite, galena, marble, alum litharge, sugar of lead. 

HI. How do the properties of pure air differ from those of 
iU componentH, and the jiroperties of steam from those of its 
coiiiponeriiH ? How do you account for the dififerenre? 

IV. You have given you a powder con'<isting of charcoal 
and saltpetre. How would you sepanite the two siibstances 
fro?n the mixture, ttiid obtain lajtb in the pure state ? What 
would be the result of heating the powder? 

V. Make a sketch, occupying a whole sheet of your answer 
pa{M^r^ of the apparatus you have seen used to prove the com- 
position of water by passing dry hydrogen t)vcr heated copper 
oxide, and describe how* the opi'ration is pci formed. 

PVoiii the follow ing results of an expewiment. calculate th« 
percentage 04>in{K'>sition of water by weight: — 

Weight of tube and copper oxide, before 

the ex|M‘rinu‘nt ... ... ... 67 '42 grins. 

Weight of tukas and copper, after the ex- 
periment ... ... ... ... 66*82 

Weight of tula* for absorbing the water 

formed, bidore experiment ... ... /iri fiO 

Weight ot aatiie tube, after experiment ... r>6‘lT6 ,, 

\T. Describe the ap^H'arance and propertit's of magnesium 
and of the ash forniea w'hen the metal is burnt in air. Is the 
magnesium contained in the ash or the ash in the magnesium? 
Give reasons for your answer. 
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VII. WriU» an equation for the ehan^e which tukea place 
when a niixtiiro of potaKKinni chlorate and carhon in heated, 
and calculate the weight of the chlorate required to t»xidise 10 
graintiies of carlxui U» carhon dioxide. 

K : t'l ; C : O — JIO : a5 r> : 12 : 10. 
riJlUrAHY 1H1>9 

(ItK KXAMINATlOSh 

I. Mention the ooniiiton inctulH and alien k vou Inne Hccn 
whi<‘h are white, or nearly whit<*. in c<»lour. In the eawe t»f the 
inetals, ilcscrihe any Hiniph li htt* hy which they can he din- 
tingiiished frofn each other. 

II. Tlic following <•\perif^ents are performed : — (1) a piece 
of phosphnrna ia burnt in a Iwll jar containing air. jdaced in a 
shallow vessel full of water, and after the combustion is timsb- 
ed tin* ajqiaiatUH is albiweti to Kiaiid for homo time ; i*Jti a 
piect* of sodium is jilaccd on the surface of hot WHU*r contaiiieti 
in a vessel llcscribc urcurately what is ohserved to take 
jdiM'e, and what properties have been acquired hy the water, 
in eaeh ease. 

III. Nitric uf’id is an oxidising agent. Pescrihe any ex- 
periment you have seen pt-rforme.l which illnstrctes it« oxidis- 
ing action. How wrnihl you prepare the acid from saltpetre ? 
Write an equation for the chemical chang** hy which it is 
produced 

IV. Hed oxi<le«of merenrv is InoiU-il (1) alone, (2) with 
carlain, (*H| with hydrogen. What producta are formed, and 
W'hat weight of enc*h would be obtained from 10 grainitieM of 
the oxide ? 

V. Yon arc provided with some sulphuric acid, copper, 
7-ine, and marble; what guMs (an (ju prepare from tbese 
inati^rials ? ])escribe the nroperties of the gases, and state 
how they can lx? distinguished fnau each other. 

VI. I)eKcril)e what euu have seen to take plaee when a 
buniing candle is brought if»lo jars containing the following 

f aaes; — nitrogen, oxyg^'U, hydrogen, chlorine, earlMiii dioxide. 
Ixpiain the cause of the effects observed in each case. 

H: C: O: Hg — 1: 12; 16: 200. 
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DKCEMBEli 1899. 

I. (1) What is lime-water, and how is it made ? 

(2) What chemical and physical changes take place 
when carbon di-oxide is passed through lime-water for some 
time *? 

(H) To a specimen of water, lime-water and caustic 
potash are separately added, and both )»roduce a w hite precipi- 
tate* With aiiother specimen, lime-water gives the firecipitate, 
but cnustic potash does not. W bat inferences may be drawn 
from these observations regarding the substances present in 
<UM;h samj)Ie of water ? 

Ana. (1) 11 ard chalk water, (2) Water containing carbon 
dioxide in sohitiun. (»:!. 

II. State, without giving ex|>erimental details : — 

<l) how tlie volume and the weight of oxygen which 
combines with unit vobitne and weight of hydrogen to form 
W'ater can be ascertained ; 

(2) how, from these numbers, the relative densities of 
the two gases may be calculated. 

III. (l> Mention all the substanccH produced when common 
salt, manganese di-oxide, and sulphuric tund are mixed. 

(2) Account for the fact that chlorine is evolved when 
sulphuric acid is a4ld<Ni to a mixture of the other two sub- 
stances, wdn'reas, when it is added to cjurh separately, no 
chlorine is evolved. 

TV. You arc r<*<juired to prepare, and to collect by displace- 
lui'nt of air, a glass cylinder full of hydrogen and anotiter of 
carbon di-oxide Make sketches, each drawing occupying one 
sheet of your answ'er pa]>er, of the apparatus you would employ 
in preparing each gas. 

V, Explain why, when phosphorus is burnt in a vessel con- 
taining air inverted over wat«*r, Iwth the volume and the 
weight of the air an» greatly diminished ; but when charcoal is 
burnt, the volume is only slightly diminished and the weight 
is increased. 

Ana. White fumes of Phosphoric Anhydride take ike place 
of the oxygen in air. The fumes completely dissolve in the 
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water and in conw^qucMice the volnnu* anti Uie weight of the air 
are j^reatly cltniiniHhcal. In the Neeonti ease. <‘Hrl>onie iwiti jjin# 
takes the place of the oxyi»eu. Ihit it is otily nlij^htly Mohihh* 
in water. Hence the volume is only slightly (iiminiitlual. A 
given voIumt‘. of earhon di oxi<le weighs I A times ixn iiuieh an 
the same vt)lunie of oxygen. Iltmce the weiglit of air after 
coiiihuslif.n is increiise^l. 

Vf. v'aloulate the \v<*ight in grammes «)f rine winch must 
be flissolved in sulphuric Kci<l in order to ohiaii^ sutheient 
h; drogeii to yield (*n burning 10 grammes of water. 

VII. A comp<uintl has the ft»lh»wing percentage compowi* 
tion : — 

Potassium a** 2H'7 

flydrogetj «53 OH 

Sulphur ‘“s ‘ilVr* 

tlxygelJ max <17*0 

100 0 

Wlmt is its formula and ftame ? 

H : O : K : S : /.n 1 : 10 : H9 : 82 : 0f». 

MAHcn 1H09. 

• (Hkkx.vmination.; 

I. Describe any ex(>cnn)cntH yon have *rc>» por/ormetf 
whitdj prove : - 

(1) that the proportion of carbonic acid in ordinary air 
if! very small : 

( 2 ) that the iiroj»o.'*tion in expired air is much larger ; 

(8) that plants dccompoHC carbonic acid and liberate 

the oxygen it contains. 

II. (D Difttinguish Iw^tw een the “ burning of coal ” and 
the ** distillation of coal." 

(2) Kntimeraie the siibMiancea which are given off and 
left behind in each caHC, and gtate of what they < 
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HI. (1) Make a sketeh of a candle flame, not less than 
actual size. 

(12) Describe the appearance of each part of region of 
the flame. 


(3) State what is taking place in each part of the flame. 

(4) By what experiments can it be shown that the 
changes are actually taking phvcc ? 

ly. You are given two bottles, one containing washing soda 
dissolved in water, the other, alum dissolved in water. De- 
scribe : — 

(1) the at)poarance of each solution : 

(2) how you could identify the substance in each 
solution without applying chemical tests. 

V. Zinc and magnesium resemble each other in certain 
respects and differ in others. Mention all the points of resem- 
blance and difference with which you are acquainted. 

VI. Write the following names of substances in a column, 
and, in parallel columns, write opposite to each substance, 
(1) its constituents ; (2) its appearance and any other property 
it possesses which you have observed 


bone earth, 

? ;alenH, 
itharge, 

bleaching powder, 
green vitriol 


antimony, 
sugar of lead, 
blende, 
flint, 
gypsum. 


DECEMBER 1900. 

I. (1) What chemical change takes place when chalk or 
limestone is ** burnt " ? 

(2) Mention two respects in which the substance left 
behind differs from the chalk or limestone 

(B) Explain the method of calculating the quantity of 
this substapoe which can be obtained from any given quantity 
of chalk. 

II, (1) Make a sj&etob, occupying one sheet of your answer 
paper, of the apparatus you have seen used to prepare nitric 
acid. 














